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A Corporate Dedication to 
Quality and Reliability 


National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv- 
ing down IC defects and extending product lifetimes. 
From raw material through product design, manufac- 
turing and shipping, our quality and reliability is second 
to none. 

We are proud of our success... . it sets a standard for 
others to achieve. Yet, our quest for perfection is on- 
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 


heh aed 


Charles E. Sporck 
President, Chief Executive Officer 
National Semiconductor Corporation 





Wir fiihlen uns zu Qualitat und 
Zuverlassigkeit verpflichtet 


National Semiconductor Corporation ist filhrend bei der Her- 
stellung von integrierten Schaltungen hoher Qualitat und 
hoher Zuverlassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es galt, die Zah! von IC Ausfallen zu 
verringern und die Lebensdauern von Produkten zu verbes- 
sern. Vom Rohmaterial tiber Entwurf und Herstellung bis zur 
Auslieferung, die Qualitat und die Zuverlassigkeit der Pro- 
dukte von National Semiconductor sind uniibertroffen. 


Wir sind stolz auf unseren Erfolg, der Standards setzt, die 
ftir andere erstrebenswert sind. Auch ihre Anspriiche steig- 
en standig. Sie als unser Kunde k6nnen sich auch weiterhin 
auf National Semiconductor verlassen. 


La Qualité et La Fiabilité: 


Une Vocation Commune Chez National 
Semiconductor Corporation 


National Semiconductor Corporation est un des leaders in- 
dustriels qui fabrique des circuits intégrés d’une trés grande 


qualité et d'une fiabilité exceptionelle. National a été le pre- ~ 


mier a vouloir faire chuter le nombre de circuits intégrés 
défectueux et a augmenter la durée de vie des produits. 
Depuis les matiéres premiéres, en passant par la concep- 
tion du produit sa fabrication et son expédition, partout la 
qualité et la fiabilité chez National sont sans équivalents. 


Nous sommes fiers de notre succés et le standard ainsi 
défini devrait devenir l’objectif a atteindre par les autres so- 
ciétés. Et nous continuons a vouloir faire progresser notre 
recherche de la perfection; il en résulte que vous, qui étes 
notre client, pouvez toujours faire confiance a National 
Semiconductor Corporation, en produisant des systémes 
d’une trés grande qualité standard. 


Un Impegno Societario di Qualita e 
Affidabilita 


National Semiconductor Corporation é un’industria al ver- 
tice nella costruzione di circuiti integrati di alta qualita ed 
affidabilita. National é stata il principale promotore per l’ab- 
battimento della difettosita dei circuiti integrati e per |’allun- 
gamento della vita dei prodotti. Dal materiale grezzo attra-: 
verso tutte le fasi di progettazione, costruzione e spedi- 
zione, la qualita e affidabilita National non é seconda a nes- 
suno. 


Noi siamo orgogliosi del nostro successo che fissa per gli 
altri un traguardo da raggiungere. Il nostro desiderio di per- 
fezione é d’altra parte illimitato e pertanto tu, nostro cliente, 
puoi continuare ad affidarti a National Semiconductor Cor- 
poration per la produzione dei tuoi sistemi con elevati livelli 
di qualita. 


A Lind 


Charles E. Sporck 


President, Chief Executive Officer 
National Semiconductor Corporation 
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TRADEMARKS 


Following is the most current list of National Semiconductor Corporation’s trademarks and registered trademarks. 


ABiCT™ 
Abuseable™ 
Anadig™ 
ANS-R-TRANT 
APPS™ 
ASPECTT™ 
Auto-Chem Deflasher™ 
BCP™ 
BI-FETT™ 
BI-FET Ii™ 
BI-LINETM 
BIPLANT™ 
BLCT™ 

BLX™ 
BMAC™ 
Brite-Lite™ 
BSi™ 

BTLT™ 

CDD™ 
CheckTrack™ 
CIMT™ 
CIMBUS™ 
CLASICT™ 
Clock“Chek™ 
COMBO® 
COMBO I™ 
COMBO IIT™™ 
COPS™ microcontrollers 
CRD™ 

DA4™ 
Datachecker® 
DENSPAKT™ 
DIBT™ 
Digitalker® 
DISCERNT™ 
DISTILL™ 
DNR® 
DPVMT™ 
E2CMOS™ 
ELSTART™ 


Embedded System 
Processor™ 

E-Z-LINK™ 

FACT™ 

FACT Quiet Series™ 

FAIRCAD™ 

Fairtech™ 

FAST® 

5-Star Service™ 

Flash™ 

GENIXT™ 

GNXt™ 

GTO™ 

HAMRT™ 

HandiScan™ 

HEX 3000T 

HPCT™ 

ISL® 

ICM™ 

INFOCHEX™) 

Integra! ISE™ 

Intelisplay™ 

ISET 

ISE/06™ 

ISE/08T™ 

ISE/16™ 

ISE32TM 

ISOPLANART 

ISOPLANAR-Z™ 

KeyScan™ 

LMCMOS™ 

M2CMOST™ 

Macrobus™ 

Macrocomponent™ 

MAXI-ROM® 

Meat~Chek™ 

MenuMaster™ 

Microbus™ data bus 

MICRO-DACTM 

ptalker™ 


Microtalker™ 

MICROWIRE™ 

MICROWIRE/PLUST™ 

MOLET™ 

MPAT 

MST™ 

Naked-8T™ 

National® 

National Semiconductor® 

National Semiconductor 
Corp.® 

NAX 800T™ 

Nitride Plus™ 

Nitride Plus Oxide™ 

NMLt™ 

NOBUS™ 

NSC800T™ 

NSCISET 


~ NSX-167™ 


NS-XC-16T 
NTERCOM™ 
NURAM™ 
OXISS™ 
P2CMOS™ 

PC Master™ 
Perfect Watch™ 
PharmawChek™ 
PLANTM 
PLANART™ 
PLAYERT™ 
Plus-2T 
Polycraft™ 
POSilink™ 
POSitalker™ 
Power + Control™ 
POWERplanar™ 
QUAD3000TM 
QUIKLOOKT™ 
RATT™ 

RTX16™ 


SABR™ 
Script~Chek™ 
SCXT™ 
SERIES/800T™ 
Series 9007 
Series 3000™ 
Series 32000® 
Shelf“Chek™ 
Simple Switcher™ 
SofChek™ 
SONICT™ 
SPIRE™ 
Staggered Refresh™ 
START™ 
Starlink™ 
STARPLEX™ 
Super-Block™ 
SuperChip™ 
SuperScript™ 
SYS32TM 
TapePak® 
TDST™ 
TeleGate™ 
The National Anthem® 
Time~Chek™ 
TINA™ 

TLCT™) 
Trapezoidal™ 
TRI-CODET™ 
TRI-POLYT™) 
TRI-SAFET™ 
TRI-STATE® 
TURBOTRANSCEIVER™ 
VIPTM 

VR32T™ 
WATCHDOG™ 
XMOS™ 
XPUT™ 
ZSTAR™ 
883B/RETST™ 
883S/RETST™ 


Ethernet® is a registered trademark of Xerox Corporation. 


LIFE SUPPORT POLICY 


NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR- 
PORATION. As used herein: 


. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the body, 
or (b) support or sustain life, and whose failure to per- 
form, when properly used in accordance with instructions 
for use provided in the labeling, can be reasonably ex- 
pected to result in a significant injury to the user. 


2. A critical component is any component of a life support 
device or system whose failure to perform can be reason- 
ably expected to cause the failure of the life support de- 
vice or system, or to affect its safety or effectiveness. 


Nationa! SemiconductorCorporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000 
TWX (910) 339-9240 


National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time 
without notice, to change said circuitry or specifications. 





Table of Contents 


Fairchild Advanced Schottky TTL, FAST®, is a family of TTL 
circuits that exhibits a combination of performance and effi- 
ciency unapproached by any other TTL family. Made with the 
proven Isoplanar process, 54F/74F circuits offer the switch- 
ing speed and output drive capability of Schottky TTL, with 
superior noise margins and only one-fourth the power con- 
sumption. 


Product Index and Selection Guide 


Lists 54F/74F circuits currently available, in design or 
planned. The Selection Guide groups the circuits by function. 


Section 1 Circuit Characteristics 


Discusses FAST technology, circuit configurations and char- 
acteristics. 


Section 2 Ratings, Specifications and 
Waveforms 


Contains common ratings and specifications for FAST devic- 
es, as well as AC test load and waveforms. 


Section 3 Design Considerations 


Provides the designer with useful guidelines for dealing with 
transmission and other high speed design concerns. 


Section 4 Data Sheets 


Contains data sheets for currently available and pending new 
products. 


Section5 Ordering Information and 

Package Outlines, Field Sales 

Offices, Representatives 

and Distributor Locations 
Explains simplified purchasing code which identifies device 
type, package type and temperature range. Contains detailed 
physical dimension drawings for each package. 
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Product Status Definitions 


GANational 


Semiconductor 


Product Status Definitions 


Definition of Terms 


Data Sheet Identification Product Status Definition 
informati | Formative or - This data sheet contains the design specifications for product 
| InDesign development. Specifications may change in any manner without notice. 
First This data sheet contains preliminary data, and supplementary data will 
Production. be published at a later date. National Semiconductor Corporation 


reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 


Full This data sheet contains final specifications. National Semiconductor 
Production Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 





National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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Alpha-Numeric Index 


29F52 8-Bit Registered Transceiver 

29F53 8-Bit Registered Transceiver 

29F68 Dynamic RAM Controller 

54F/74F00 Quad 2-Input NAND Gate 

54F/74F02 Quad 2-Input NOR Gate 

54F/74F04 Hex Inverter 

54F/74F08 Quad 2-Input AND Gate 

54F/74F10 Triple 3-Input NAND Gate 

54F/74F11 Triple 3-Input AND Gate 

54F/74F13 Dual 4-Input NAND Schmitt Trigger 

54F/74F 14 Hex Inverter Schmitt Trigger 

54F/74F20 Dual 4-Input NAND Gate 

54F/74F27 Triple 3-Input NOR Gate 

54F/74F30 8-Input NAND Gate 

54F/74F32 Quad 2-Input OR Gate 

54F/74F37 Quad 2-Input NAND Buffer 

54F/74F38 Quad 2-Input NAND Buffer (Open Collector) 

54F/74F40 Dual 4-Input NAND Buffer 

54F/74F51 2-2-2-3 AND-OR-Invert Gate 

54F/74F64 4-2-3-2-Input AND-OR-Invert Gate 

54F/74F74 Dual D-Type Positive Edge-Triggered Flip-Flop 

54F/74F86 Quad 2-Input Exclusive-OR Gate 

54F/74F109 Dual JK Positive Edge-Triggered Flip-Flop 

54F/74F112 Dual JK Negative Edge-Triggered Flip-Flop 

54F/74F113 Dual JK Negative Edge-Triggered Flip-Flop 

54F/74F114 Dual JK Negative Edge-Triggered Flip-Flop with Common Clocks and Clears 
54F/74F125 Quad Buffer (TRI-STATE) 

54F/74F 132 Quad 2-Input NAND Schmitt Trigger 

54F/74F 138 1-of-8 Decoder/Demultiplexer 

54F/74F139 Dual 1-of-4 Decoder/Demultiplexer 

54F/74F 148 8-Line to 3-Line Priority Encoder 

54F/74F151A 8-Input Multiplexer 

54F/74F153 Dual 4-Input Multiplexer 

54F/74F157A Quad 2-Input Multiplexer 

54F/74F158A Quad 2-Input Multiplexer (Inverted) 

54F/74F160A Synchronous Presettable BCD Decade Counter (Asynchronous Reset) 
54F/74F161A Synchronous Presettable Binary Counter (Asynchronous Reset) 
54F/74F162A Synchronous Presettable BCD Decade Counter (Synchronous Reset) 
54F/74F 163A Synchronous Presettable Binary Counter (Synchronous Reset) 
54F/74F164A Serial-In, Parallel-Out Shift Register 

54F/74F168 4-Stage Synchronous Bidirectional Counter 

54F/74F169 4-Stage Synchronous Bidirectional Counter 

54F/74F174 Hex D Flip-Flop with Master Reset 

54F/74F175 Quad D Flip-Flop 

54F/74F 181 4-Bit Arithmetic Logic Unit 

54F/74F 182 Carry Lookahead Generator 

54F/74F 189 64-Bit Random Access Memory with TRI-STATE Outputs 
54F/74F190 Up/Down Decade Counter with Preset and Ripple Clock 
54F/74F191 Up/Down Binary Counter with Preset and Ripple Clock 
54F/74F192 Up/Down Decade Counter with Separate Up/Down Clocks 
54F/74F193 Up/Down Binary Counter with Separate Up/Down Clocks 
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Alpha-Numeric Index continued) 


54F/74F 194 4-Bit Bidirectional Universal Shift Register 

54F/74F219 64-Bit Random Access Memory with TRI-STATE Outputs 
54F/74F240 Octal Buffer/Line Driver with TRI-STATE Outputs (Inverting) 
54F/74F241 Octal Buffer/Line Driver with TRI-STATE Outputs 

54F/74F243 Quad Bus Transceiver with TRI-STATE Outputs 

54F/74F244 Octal Buffer/Line Driver with TRI-STATE Outputs 

54F/74F245 Octal Bidirectional Transceiver with TRI-STATE Outputs 
54F/74F251A 8-Input Multiplexer with TRI-STATE Outputs 

54F/74F253 Dual 4-Bit Multiplexer with TRI-STATE Outputs 

54F/74F257A Quad.2-Input Multiplexer with TRI-STATE Outputs 

54F/74F258A Quad 2-Input Multiplexer with TRI-STATE Outputs (Inverting) 
54F/74F269 8-Bit Bidirectional Binary Counter 

54F/74F273 Octal D Flip-Flop 

54F/74F280 9-Bit Parity Generator/Checker 

54F/74F283 4-Bit Binary Full Adder with Fast Carry 

54F/74F299 Octal Universal Shift/Storage Register with Common Parallel |/O Pins 
54F/74F322 Octal Serial/Parallel Register with Sign Extend 

54F/74F323 Octal Universal Shift/Storage Register with Synchronous Reset and Common I/O 


54F/74F350 4-Bit Shifter with TRI-STATE Outputs 

54F/74F352 Dual 4-Input Multiplexer 

54F/74F353 Dual 4-Input Multiplexer with TRI-STATE Outputs 
54F/74F365 Hex Buffer/Driver with TRI-STATE Outputs 
54F/74F366 Hex Inverter/Buffer with TRI-STATE Outputs 
54F/74F368 Hex Inverter/Buffer with TRI-STATE Outputs 
54F/74F373 Octal Transparent Latch with TRI-STATE Outputs 
54F/74F374 Octal D-Type Flip-Flop with TRI-STATE Outputs 
54F/74F377 Octal D-Type Flip-Flop with Clock Enable 

54F/74F378 Parallel D Register with Enable 

54F/74F379 Quad Parallel Register with Enable 

54F/74F381 4-Bit Arithmetic Logic Unit 

54F/74F382 4-Bit Arithmetic Logic Unit 

54F/74F384 8-Bit Serial/Parallel Twos’ Complement Multiplier 
54F/74F385 Quad Serial Adder/Subtractor 

54F/74F398 Quad 2-Port Register 

54F/74F399 Quad 2-Port Register 

54F/74F401 Cyclic Redundancy Check Generator/Checker 
54F/74F402 Serial Data Polynomial Generator/Checker 
54F/74F403A 16 x 4 First-In First-Out Buffer Memory 

54F/74F407 Data Access Register 

54F/74F410 Register Stack—16 x 4 RAM TRI-STATE Output Register 
54F/74F412 Multi-Mode Buffered 8-Bit Latch with TRI-STATE Outputs 
54F/74F413 64 x 4 First-In First-Out Buffer Memory with Parallel 1/O 
54F/74F 420 Paralleled Check Bit/Syndrome Bit Generator 
54F/74F432 Multi-Mode Buffered 8-Bit Latch with TRI-STATE Outputs 
54F/74F433 64 x 4 First-In First-Out Buffer Memory 

54F/74F521 8-Bit Identity Comparator 

54F/74F524 8-Bit Registered Comparator 

54F/74F525 16-Bit Programmable Counter 

54F/74F533 Octal Transparent Latch with TRI-STATE Ouipuls 
54F/74F534 Octal D Flip-Flop with TRI-STATE Outputs 
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Alpha-Numeric Index continues 


54F/74F537 1-of-10 Decoder with TRI-STATE Outputs 

54F/74F538 1-of-8 Decoder with TRI-STATE Outputs 

54F/74F539 Dual 1-of-4 Decoder with TRI-STATE Outputs 

54F/74F540 Octal Buffer/Line Driver with TRI-STATE Outputs (inverting) 

54F/74F541 Octal Buffer/Line Driver with TRI-STATE Outputs 

54F/74F543 Octal Registered Transceiver 

54F/74F544 Octal Registered Transceiver (Inverting in Both Directions) 

54F/74F545 Octal Bidirectional Transceiver with TRI-STATE Outputs 

54F/74F547 Octal Decoder/Demultiplexer with Address Latches and Acknowledge 

54F/74F548 Octal Decoder/Demultiplexer with Acknowledge 

54F/74F550 Octal Registered Transceiver with Status Flags 

54F/74F551 Octal Registered Transceiver with Status Flags 

54F/74F552 Octal Registered Transceiver with Parity and Flags 

54F/74F563 Octal D-Type Latch with TRI-STATE Outputs 

54F/74F564 Octal D-Type Flip-Flop with TRI-STATE Outputs 

54F/74F568 4-Bit Bidirectional Decade Counter with TRI-STATE Outputs 

54F/74F569 4-Bit Bidirectional Binary Counter with TRI-STATE Outputs 

54F/74F573 Octal D-Type Latch with TRI-STATE Outputs 

54F/74F574 Octal D-Type Flip-Flop with TRI-STATE Outputs 

54F/74F579 8-Bit Bidirectional Binary Counter with TRI-STATE Outputs 

54F/74F582 4-Bit BCD Arithmetic Logic Unit 

54F/74F583 4-Bit BCD Adder 

54F/74F588 Octal Bidirectional Transceiver with IEEE-488 Termination Resistors and 
TRI-STATE Inputs/Outputs 

54F/74F620 Inverting Octal Bus Transceiver with TRI-STATE Outputs 

54F/74F623 Inverting Octal Bus Transceiver with TRI-STATE Outputs 

54F/74F632 32-Bit Parallel Error Detection and Correction Circuit 

54F/74F640 Octal Bus Transceiver with TRI-STATE Outputs 

54F/74F643 Octal Bus Transceiver with TRI-STATE Outputs 

54F/74F645 Octal Bus Transceiver with TRI-STATE Outputs 

54F/74F646 Octal Transceiver/Register with TRI-STATE Outputs 

54F/74F648 Octal Transceiver/Register with TRI-STATE Outputs 

54F/74F651 Octal Transceiver/Register with TRI-STATE Outputs (inverting) 

54F/74F652 Octal Transceiver/Register with TRI-STATE Outputs 

54F/74F657 Octal Bidirectional Transceiver with 8-Bit Parity Generator/Checker and 
TRI-STATE Outputs 

54F/74F673A 16-Bit Serial-In, Serial/Parallel-Out Shift Register (Common Serial !/O Pin) 

54F/74F675A 16-Bit Serial-In, Serial/Parallel-Out Shift Register 

54F/74F676 16-Bit Serial/Parallel-in, Serial-Out Shift Register 

54F/74F779 8-Bit Bidirectional Binary Counter with TRI-STATE Outputs 

54F/74F784 8-Bit Serial/Parallel Multiplier with Adder/Subtractor 

54F/74F794 8-Bit Register with Readback 

54F/74F821 10-Bit D-Type Flip-Flop 

54F/74F823 9-Bit D-Type Flip-Flop 

54F/74F825 8-Bit D-Type Flip-Flop 

54F/74F827 10-Bit Buffer/Line Driver 

54F/74F828 10-Bit Buffer/Line Driver 

54F/74F841 10-Bit Transparent Latch 

54F/74F843 9-Bit Transparent Latch 

54F/74F845 8-Bit Transparent Latch 

54F/74F899 9-Bit Latchable Transceiver with Parity Generator/Checker 





Alpha-Numeric Index continued) 


54F/74F968 1 Megabit Dynamic RAM Controller 

54F/74F2241 Octal Buffer/Line Driver with 259 Series Resistors in the Outputs 
54F/74F2243 Quad Bus Transceiver with 252 Resistors in the Outputs 
54F/74F2244 Octal Buffer/Line Driver with 250 Series Resistors in the Outputs 
54F/74F2620 inverting Octal Bus Transceiver with 252 Resistors in the Outputs 
54F/74F2623 Inverting Octal Bus Transceiver with 2529. Resistors in the Outputs 
54F/74F2640 Octal Bus Transceiver with 2529 Resistors in the Outputs 
54F/74F2643 Octal Bus Transceiver with 2529 Resistors in the Outputs 
54F/74F2645 Octal Bus Transceiver with 252 Resistors in the Outputs 





Za National 


Semiconductor 


FAST® Product Selection Guide 


Function Inputs/ No. of 
Gate Gates 
NAND/NAND Buffer 


Quad 2-Input NAND 54F/74F00 
Triple 3-Input NAND 54F/74F10 
Dual 4-Input NAND Schmitt Trigger 54F/74F13 
Dual 4-Input NAND 54F/74F20 
8-Input NAND 54F/74F30 
Quad 2-Input Positive NAND Buffer 54F/74F37 
Quad 2-Input NAND Buffer (OC) 54F/74F38 
Dual 4-Input Positive NAND Buffer 54F/74F40 
Quad 2-Input Positive NAND Schmitt Trigger 54F/74F132 
AND 

Quad 2-Input AND 54F/74F08 
Triple 3-Input AND 54F/74F11 
OR/NOR/Exclusive-OR 

Quad 2-Input NOR 54F/74F02 
Triple 3-Input NOR 54F/74F27 
Quad 2-Input OR 54F/74F32 
Quad 2-Input Exclusive-OR 54F/74F86 
Invert/AND-OR-Invert 

Hex Inverter 54F/74F04 1 
Hex Schmitt Trigger Inverter 54F/74F14 1 
Dual AND-OR-Invert 54F/74F51 3/3/2/2 
AND-OR-Invert 54F/74F64 4/2/3/2 


yOANDNM DOA HK DW L/ 
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Dual Edge Triggered Flip Flops 


Function 


Dual D Positive 54F/74F74 

Dual JK Positive 54F/74F109 
Dual JK Negative 54F/74F112 
Dual JK 54F/74F113 
Dual JK Negative (Common Clocks & Clears) 54F/74F114 
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FAST Product Selection Guide 


Multiple Flip-Flops 



















TRI-STATE® 


Outputs beads 


Function 
















Master Broadside 
Reset Pinout 
Yes 









Hex D Flip-Flop 54F/74F174 ae 
Quad D Flip-Flop 54F/74F175 he Yes 
Octal D Flip-Flop 54F/74F273 ae 
Octal D Flip-Flop 54F/74F374 Sf 
Octal D Flip-Flop w/Clock Enable 54F/74F377 f= 
Parallel D Register w/Enable 54F/74F378 a 
Parallel D Register w/Enable 54F/74F379 a 
Octal D Flip-Flop 54F/74F534 x 
Octal D Flip-Flop 54F/74F564 ae 
Octal D Flip-Flop 54F/74F574 ~ a 
10-Bit D Flip-Flop 54F/74F821 a 
9-Bit D Flip-Flop 54F/74F823 Yo 
8-Bit D Flip-Flop 54F/74F825 Ss 





Registers 


Function 



















Parallel D Register w/Enable 54F/74F378 a 16 
Quad Parallel D Register w/Enable 54F/74F379 ee 
Quad 2-Port Register 54F/74F398 =f 
Quad 2-Port Register 54F/74F399 a 
Serial Data Polynomial Generator/Checker 54F/74F402 af" 
Data Access Register 54F/74F407 a 
Register Stack—16 x 4 RAM TRI-STATE Output Register 54F/74F410 af 
8-Bit Register with Readback 54F/74F794 74 





Latches 







TRI-STATE 


Outputs reade 


Function 


Enable Broadside 
Inputs Pinout 



























Octal Latch 54F/74F373 1(L) & 1(H) 

Multimode Buffered 8-Bit Latch 54F/74F412 24 
Multimode Buffered 8-Bit Latch 54F/74F432 24 
Octal D Latch 54F/74F533 1(L) & 1(H) 20 
Octal D Latch 54F/74F563 1(L) & 1(H) 20 
Octal D Latch 54F/74F573 1(L) & 1(H) 20 
10-Bit D Latch 54F/74F841 4(L) & 1(H) 24 
9-Bit D Latch 54F/74F843 1(L) & 1(H) 24 
8-Bit D Latch 54F/74F845 3(L) & 1(H) 
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Counters 


Function Parallel TRI-STATE 
— pees Outputs 


Presettable 4-Bit BCD Decade 54F/74F160A 
Presettable 4-Bit Binary 54F/74F161A 
Presettable 4-Bit BCD Decade 54F/74F162A 
Presettable 4-Bit Binary 54F/74F163A 


4-Bit BCD Decade 

4-Bit Binary 

4-Bit BCD Decade w/Preset & Ripple Clock 
4-Bit Binary w/Preset & Ripple Clock 

4-Bit BCD Decade w/Separate Up/Down Clocks 
4-Bit Binary w/Separate Up/Down Clocks 
8-Bit Binary 

16-Stage Programmable 

4-Bit BCD Decade 

4-Bit Binary 

8-Bit Binary 

8-Bit Binary 


= Synchronous 


A = Asynchronous 


Shift Registers 


Function 


54F/74F168 
54F/74F169 
54F/74F190 
54F/74F191 
54F/74F192 
54F/74F 193 
54F/74F269 
54F/74F525 
54F/74F568 
54F/74F569 
54F/74F579 
54F/74F779 


nArrrrnnanann 
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Shift Right, Serial-In, Parallel-Out 54F/74F164A 


Bidirectional, Universal 

Universal Octal Shift/Storage w/Common I/O Pins 
Octal Serial/Parallel w/Sign Extend 

Universal Octal Shift/Storage w/Synch. Reset 


54F/74F194 
54F/74F299 
54F/74F322 
54F/74F323 


Serial-In, Serial/Parallel-Out (Common I/O Pin) 54F/74F673A 
Serial-In, Serial/Parallel-Out 54F/74F675A 
Serial/Parallel-In, Serial-Out 54F/74F676 


Buffers/Line Drivers 


Function 


Quad Buffer (TRI-STATE) 54F/74F125 
Octal Buffer/Line Driver (TRI-STATE) 54F/74F240 
Octal Buffer/Line Driver (TRI-STATE) 54F/74F241 
Octal Buffer/Line Driver (TRI-STATE) 54F/74F244 
Hex Buffer/Driver (TRI-STATE) 54F/74F365 
Hex Inverter/Buffer (TRI-STATE) 54F/74F366 
Hex Inverter/Buffer (TRI-STATE) 54F/74F368 
Octal Buffer/Line Driver (TRI-STATE) 54F/74F540 
Octal Buffer/Line Driver (TRI-STATE) 54F/74F541 
10-Bit Buffer/Line Driver 54F/74F827 
10-Bit Buffer/Line Driver 54F/74F828 
Octal Buffer/Line Driver with 250, 54F/74F2241 
Resistor in the Output Pull-Down 

Octal Buffer/Line Driver with 250 54F/74F2244 
Resistor in the Output Pull-Down 
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Transceivers/Registered Transceivers 


Function: 


Quad Bus Transceiver 

Octal Bidirectional Transceiver 
Octal Registered Transceiver 
Octal Registered Transceiver 
Octal Bidirectional Transceiver 
Octal Registered Transceiver 
Octal Registered Transceiver 
Octal Registered Transceiver 
Octal Bidirectional Transceiver 
Octal Bus Transceiver 

Octal Bus Transceiver 

Octal Bus Transceiver 


Octal Bus Transceiver 

Octal Bus Transceiver 

Octal Bus Transceiver 

Octal Bus Transceiver 

Octal Bus Transceiver 

Octal Bus Transceiver 

Octal Bidirectional Transceiver 
9-Bit Registered Transceiver 
Quad Bus Transceiver 

Quad Bus Transceiver 

Quad Bus Transceiver 

Quad Bus Transceiver 

Quad Bus Transceiver 


Quad Bus Transceiver 


Octal Registered Transceiver 
Octal Registered Transceiver 


54F/74F243 
54F/74F245 
54F/74F543 
54F/74F544 
54F/74F545 
54F/74F550 
54F/74F551 
54F/74F552 
54F/74F588 
54F/74F620 
54F/74F623 
54F/74F640 


54F/74F643 
54F/74F645 
54F/74F646 
54F/74F648 
54F/74F651 
54F/74F652 
54F/74F657 
54F/74F899 
54F/74F2243 
54F/74F2620 
54F/74F2623 
54F/74F2640 
54F/74F2643 
54F/74F2645 


29F52 
29F53 


1(L) & 1(H) 
1(L) 
6(L) 
6(L) 
il) 
4(L) 
4(L) 
2(L) 
1(L) 
2(H) 
2(H) 
1(L) 


1(L) 
t(L) 
4(L) & 1(H) 
4(L) & 1(H) 
4(L) & 1(H) 
4(L) & 1(H) 
4(L) & 1(H) 
2(L) 
4(L) & 1(H) 
4(L) & 1(H) 
4(L) & 1(H) 
1(L) 
1(L) 
1(L) 


4(L) 
4(L) 


xiv 


Enable 


TRI-STATE Inputs 


Inverting in Both Directions 
TRI-STATE Inputs 

Status Flags 

Status Flags, Inverting 
Parity & Flag 

GPIB Compatible 

Inverting 


250 Resistor in Output 
Pull-Down, Inverting 

252 Resistor in Output 
Pull-Down, Invert/Noninvert 
252. Resistor in Output 
Pull-Down 


Inverting 

Inverting 

Noninverting 

8-Bit Parity Gen./Checker 
Parity Generate/Check 
252 Resistor in Output 
Pull-Down 

252 Resistor in Output 
Pull-Down, Inverting 

252 Resistor in Output 
Pull-Down 

252, Resistor in Output 
Pull-Down, Inverting 

252 Resistor in Output 
Pull-Down, Invert/Noninvert 
252, Resistor in Output 
Pull-Down 


Inverting 





Multiplexers 


Function Enable True Complement 
Inputs 7 a 


8-Input 54F/74F151A 
Dual 4-Input 54F/74F153 
Quad 2-Input 54F/74F157A 
Quad 2-Input (Inverting) 54F/74F158A 
8-Input (TRI-STATE) 54F/74F251A 
Dual 4-Input (TRI-STATE) 54F/74F253 
Quad 2-Input (TRI-STATE) 54F/74F257A 
Quad 2-Input (TRI-STATE, Inverting) 54F/74F258A 
4-Input w/Shift (TRI-STATE) 54F/74F350 
Dual 4-Input 54F/74F352 
Dual 4-Input (TRI-STATE) 54F/74F353 
Quad 2-Port Register 54F/74F398 
Quad 2-Port Register 54F/74F399 


Decoders/Demultiplexers 


Fincion Address Output 
— Enable 


1-of-8 Decoder/Demultiplexer 54F/74F138 2(L) & 1(H) 8(L) 
Dual 1-of-4 Decoder/Demultiplexer 54F/74F139 1(L) & 1 (L) 4(L) & 4(L) 
1-of-10 Decoder (TRI-STATE) 54F/74F537 1(L) & 1(H) 1(L) 10(H) 
1-of-8 Decoder (TRI-STATE) 54F/74F538 2(L) & 2(H) 2(L) 8(H) 
Dual 1-of-4 Decoder (TRI-STATE) 54F/74539 1(L)&4(L) | 1(L)&14(L) | 4(H) & 4(H) 
Octal Decoder/Demultiplexer w/Latches 54F/74F547 1(L) & 2(H) 8(L) 
Octal Decoder/Demultiplexer w/Acknowledge | 54F/74F548 2(L) & 2(H) 8(L) 


Adders/Subtractors 
. Master Carry 
Binary Full Adder w/Fast Carry 54F/74F283 Yes 
Quad Serial Adder/Subtractor 54F/74F385 Yes 
4-Bit BCD Adder 54F/74F583 Yes 


Multipliers 


Function | Device ——e Adder/Subtractor 


8-Bit Serial/Parallel Multiplier 54F/74F384 
8-Bit Serial/Parallel Multiplier 54F/74F784 i Yes 
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Comparators 


Function 


8-Bit Identity Comparator 
8-Bit Comparator 
Register /Counter/Comparator 


Divider 


Function 


16-Stage Programmable Counter/Divider 


Function 


Arithmetic Logic Unit 54F/74F181 


Arithmetic Logic Unit 54F/74F381 


Arithmetic Logic Unit 


BCD Adder/Subtractor 54F/74F582 


ALU Support 


Function 


Carry Lookahead Generator 


4-Bit Shifter (Specialized Multiplexer) 
ALU/Function Generator 


Function 


16 x 4 FIFO Buffer Memory 
FIFO RAM Controller 

64 x 4 FIFO Buffer Memory 
64 x 4 FIFO Buffer Memory 


Memories 


Function 


16x4RAM 
16x 4 RAM 
16 x 4 FIFO Buffer Memory 
64 x 4 FIFO Buffer Memory 
64 x 4 FIFO Buffer Memory 


54F/74F521 
54F/74F524 
54F/74F701 


Expandable 
Expandable, Registered 
Expandable 


_ 54F/74F382 © 


54F/74F182 


54F/74F350 
54F/74F881 


54F/74F403A 
54F/74F411 
54F/74F413 
54F/74F433 


54F/74F189 
54F/74F219 
54F/74F403 
54F/74F413 
54F/74F433 


54F/74F525 Crystal Oscillator 


Carry Generate/ 
Propagate Outputs 
Carry Generate/ 
Propagate Outputs 
Ripple Carry Expansion 
Lookahead & Ripple 
Carry Expansion 


Carry Lookahead Generator 
for 4 ALUs 
Expandable Shifter 


Serial/Parallel Serial/Parallel 


Serial/Parallel 
Serial/Parallel 


Parallel 
Serial/Paralle! 


TRI-STATE 
Outputs 





Memory Support 


Function | Device | Features 


Data Access Register 54F/74F407 TRI-STATE Outputs 

Register Stack—16 x 4 RAM 54F/74F410 TRI-STATE Output Register 
FIFO RAM Controller 54F/74F411 

Parallel Check Bit/Syndrome Bit Generator 54F/74F420 TRI-STATE Outputs 

32-Bit Error Detection & Correction 54F/74F632 Latched, TRI-STATE Outputs 
1 Megabit Dynamic RAM Controller 54F/74F968 TRI-STATE Outputs 
Dynamic RAM Controller 29F68 TRI-STATE Outputs 


Cyclic Redundancy Checker-Generator 


‘ Polynomial 
Function eves | Length Expandable 
Cyclic Redundancy Check Generator/Checker 54F/74F401 16 
Serial Data Polynomial Generator/Checker 54F/74F402 64 


Parity Generator/Checker 


Function 


Parity Generator/Checker 54F/74F280 Odd/Even Outputs, 9-Bits In 
Parallel Check Bit/Syndrome Bit Generator 54F/74F420 

Octal Bidirectional Transceiver 54/74F657 Parity Generate/Check 
9-Bit Registered Transceiver 54/74F899 Parity Generate/Check 


Error Detection and Correction 


Function 


32-Bit Error Detection and Correction 54F/74F632 


Microprocessor Support 


Function | Device 
8-Line to 3-Line Priority Encoder 54F/74F148 


TTL to ECL Translators 


Function Complementary Latched Features 


Hex TTL-ECL Translator F100124 Yes Enable Input 
Hex ECL-TTL Translator F100125 Yes Common Mode Rejection = +1V 
Octal ECL-TTL Transceiver F100128 Yes ECL Output Cut-Off State 


For further information on TTL to ECL translators, refer to the F100K databook. 
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Circuit Characteristics 


FAST® Technology 


FAST (Fairchild Advanced Schottky TTL) circuits are made 
with the advanced Isoplanar II process, which produces 
transistors with very high, well-controlled switching speeds, 
extremely small parasitic capacitances and fy in excess of 
5 GHz. Isoplanar is an established National process, used 
for years in the manufacture of bipolar memories, CMOS, 
subnanosecond ECL and ISLT™ (lsoplanar Integrated Injec- 
tion Logic) LS! devices. 


In the isoplanar process, components are isolated by a se- 
lectively grown thick oxide rather than the pt isolation re- 
gion used in the planar process. Since this oxide needs no 
separation from the base-collector regions, component and 
chip sizes are substantially reduced. The base and emitter 
ends terminate in the oxide wall; masks can thus overlap 
the device area into the isolation oxide. This overlap feature 
eliminates the extremely close tolerances normally required 
for base and emitter masking, and the standard photolitho- 
grahic processes can be used. 


Figure 1-1 shows the relative size of phase splitter transis- 
tors (Q2 in Figure 1-3) used in Schottky, Low Power 
Schottky and FAST circuits. The LS-TTL transistor is small- 
er than that of S-TTL because of process refinements, shal- 


Collector 


Emitter 


Schottky 
Diode 


p-Type 
Isolation 
Diffusion 


Planar Washed Emitter 


Schottky LS 


lower diffusions and smaller operating currents. The relative 
size of the FAST and FAST LSI transistors illustrate the 
reduction afforded by the tsoplanar process. This in turn 
reduces junction capacitances, while the use of oxide isola- 
tion reduces sidewall capacitance. The end result of these 
reductions is an increase in frequency response by a factor 
of three or more. Figure 1-2 shows the frequency response 
of two sizes of transistors made with the Isoplanar II pro- 
cess. Because they have modest, well-defined loads and 
thus can use smaller, faster transistors, internal gates of 
MSI devices are faster than SSI gates such as the ’FOO or 
*FO2. SS! gates, on the other hand, are designed to have 
high output drive capability and thus use larger transistors. 


As is the case with other modern LS! processes, the shal- 
lower diffusions and thinner oxides make FAST devices 
more susceptible to damage from electrostatic discharge 
than are devices of earlier TTL families. Users should take 
the usual precautions when handling FAST devices: avoid 
placing them on non-conductive plastic surfaces or in plas- 
tic bags, make sure test equipment and jigs are grounded, 
individuals should be grounded before handling the devices, 
etc. 


Silicon 
Dioxide 


lsoplanar Isoplanar II 
LS! FAST 


TL/F/9592-1 


FIGURE 1-1. Relative Transistor Sizes in Various TTL Families 
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FAST Technology (continued) 


. VA Geometry ara 
a Large Geometry ie 


fy - Frequency Response ~ GHz 


le > Collector Current = mA 


TL/F/9592-2 
FIGURE 1-2. lsoplanar Transistor Frequency Response 


FAST Circuitry 


The 2-input NAND gate, shown in Figure 1-3, has three 
stages of gain (Q1, Q2, Q3) instead of two stages as in 
other TTL families. This raises the input threshold voltage 
and increases the output drive. The higher threshold makes 
it possible to use pn diodes for the input AND function (D1 
and D2) and still achieve an input threshold of 1.5V. 


The capacitance of these diodes is comparatively low, 
which results in improved AC noise immunity. The effect of 
the threshold adjustment can be seen in the voltage transfer 
characteristics of Figures 1-4, 1-5 and 1-6. At 25°C (Figure 
7-5) the FAST circuit threshold is nearly centered between 
the 0.8V and 2.0V limits specified for TTL circuits. This gives 
a better balance between the HIGH- and LOW-state noise 
margins The + 125°C characteristics (Figure 1-6) show that 
the FAST circuits threshold is comfortably above the 0.8V 
specification, more so than in S-TTL or LS-TTL circuits. At 
—55°C, the FAST circuit threshold is still well below the 
2.0V specification, as shown in Figure 7-4. 


FAST circuits contain several speed-up diodes to help dis- 
charge internal capacitances. Referring again to Figure 1-3, 
when a HIGH-to-LOW transition occurs at the D1 input, for 
example, Schottky diode D3 acts as a low-resistance path 
to discharge the several parasitic capacitances connected 
to the base of Q2. This effect only comes into play, howev- 
er, as the input signal falls below about 1.2V; D3 does not 
act as an entry path for negative spikes superimposed on a 
HIGH input level. When Q2 turns ON and its collector volt- 
age falls, D7 provides a discharge path for capacitance at 
the base of Q6. Whereas D3, D4 and D7 enhance switching 
speed by helping to discharge internal nodes, D8 contrib- 
utes to the ability of a FAST circuit to rapidly discharge load 
capacitance. Part of the charge stored in load capacitance 
passes through D8 and Q2 to increase the base current of 
Q3 and increase Q3’s current sinking capability during the 
HIGH-to-LOW output voltage transition. 


TL/F/9592-3 


FIGURE 1-3. Basic FAST Gate Schematic 





FAST Circuitry (Continued) 


In addition to the 2K-Q4-3K squaring network, which is stan- 
dard for Schottky-clamped TTL circuits, FAST circuits con- 
tain a network D9-D10-D11-Q7 whose purpose is to provide 
a momentary low impedance at the base of Q3 during an 
output LOW-to-HIGH transition. The rising voltage at the 
emitter of Q5 causes displacement current to flow through 
varactor diode D9 and momentarily turn ON Q7, which in 
turn pulls down the base of Q3 and absorbs the displace- 
ment current that flows through the collector-base capaci- 
tance (not snown) of Q3 when the output voltage rises. 
Without the D9-Q7 network, the displacement current 
through the collector-base capacitance acts as base cur- 
rent, tending to prolong the turn-off of Q3 and allow current 
to flow from Q6 to ground through Q3. 





Vout ~ Output Voltage - V 








1.0 20 25 


Vin 7 Input Voltage = V 
TL/F/9592-4 
FIGURE 1-4. Transfer Functions at Low Temperature 


The collector-base capacitance of Q3, although small, is 
effectively multiplied by the voltage gain of Q3. This phe- 
nomenon, first identified many years ago with vacuum tube 
triodes, is called the Miller effect. Thus the D9-Q7 network 
is familiarly called the ‘Miller Killer’ circuit and its use im- 
proves the output rise time and minimizes power consump- 
tion during repetitive switching at high frequencies. Diode 
D10 completes the discharge path for D9 through D7 when 
Q2 turns on. D11 limits how low Q7 pulls down the base of 
Q3 to a level adequate for the intended purpose, without 
sacrificing turn-on speed when a circuit is cycled rapidly. 


Also shown in Figure 1-3 is a clamp diode, D12, at the out- 
put. This diode limits negative voltage excursions due to 
parasitic coupling in signal lines or transmission line effects. 


The Schottky clamping diodes built into the transistors pre- 
vent saturation, thereby eliminating storage time as a factor 
in switching speed. Similarly, the speed-up diodes tend to 
minimize the impact of other variables on switching speed. 
The overall effect is to minimize variation in switching speed 
of FAST circuits with variations in supply voltage and ambi- 
ent temperature (Figures 1-7 and 1-8). Propagation delay is 
specified not only under nominal supply voltage and temper- 
ature conditions, but also over the recommended operating 
range of Vcc and Ta for both military and commercial grade 
devices. 


Vout ~ Output Voltage - V 





1.0 15 


Vin 7 Input Voltage = V 
TL/F/9592-5 
FIGURE 1-5. Transfer Functions at Room Temperature 


The internal switching speed of a logic circuit is only one 
aspect of the circuit's suitability for high-speed operations at 
the system or subsystem level; the other aspect is the ability 
of the circuit to drive load capacitance. FAST circuit outputs 
are structured to sink at least 20 mA in the LOW state, the 
same as S-TTL. This capability plus the effect of the afore- 
mentioned feedback through D8 assures that the circuit can 
rapidly discharge capacitance. During a LOW-to-HIGH tran- 
sition, the pull-up current is limited by the 452 resistor, ver- 
sus 550, for S-TTL. Therefore, FAST circuits are inherently 
more capable than S-TTL of charging load capacitance. 


Figure 1-9 shows the effects of load capacitance on propa- 
gation delays of FAST, S-TTL and LS-TTL NAND gates. The 
curves show that FAST gates are not only faster than those 
of earlier families, but also are less affected by capacitance 
and exhibit less skew between the LOW-to-HIGH and 
HIGH-to-LOW delays. These improved characteristics of- 
fered by FAST circuits make it easier to predict system per- 
formance early in the design phase, before loading details 
are precisely known. The curves show that the skew be- 
tween HIGH-to-LOW and LOW-to-HIGH delays for the 
FAST gate is only about 0.5 ns over a broad range of load 
capacitance, whereas the skew for the S-TTL gate is 1 ns or 
greater, depending on loading. 


Vec =5.0V 
Tg = 41259C 
loy Applied 


Vour ~ Output Voltage - V 








Vin 7 Input Voltage = V 


TL/F/9592-6 
FIGURE 1-6. Transfer Functions at High Temperature 
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FAST Circuitry (continue) Output Characteristics 


Figure 1-10 shows the current-voltage characteristics of a 
FAST gate with the pull-down transistor Q3 turned ON. 
These curves illustrate instantaneous conditions in dis- 
charging load capacitance during an output HIGH-to-LOW 
transmission. When the output voltage is at about 3.5V, for 
example, the circuit can absorb charge from the load capac- 
itance at a 500 mA rate at + 25°C. From this level the rate 
decreases steadily down to about 100 mA at 1.5V. In this 
region from 3.5V to 1.5V, part of the charge from the load 
capacitance is fed back through D8 (Figure 1-3) and Q2 to 
provide extra base current for Q3, boosting its current sink- 
ing capability and thus reducing the fall time. Below the 1.5V 
level, Q3 continues to discharge the load capacitance, but 
without extra base current from D8. At about 0.5V, the inte- 
gral Schottky clamp diode from base to collector of Q3 
Veo 7 SUPPLY VOLTAGE - V starts conducting and prevents Q3 from going into deep 
TL/F/9592-7 saturation. 
FIGURE 1-7. Propagation Delay versus Vcc 
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Voy ~ OUTPUT LOW VOLTAGE - V 











lo ~ OUTPUT LOW CURRENT = mA 
Ty — AMBIENT TEMPERATURE ~ °C TL/F/9592-10 
TL/F/9592-8 FIGURE 1-10. Output LOW Characteristics— ’F00 
FIGURE 1-8. Propagation Delay versus Temperature 








Voi — OUTPUT LOW VOLTAGE - V 











tpiy> tpy_ — PROPAGATION DELAY - ns 





lo, ~ OUTPUT LOW CURRENT = mA 
C, = LOAD CAPACITANCE = pF TL/F/9592-11 
TL/F/9592-9 FIGURE 1-11. Output LOW Characteristics— ’F00 


FIGURE 1-9. Propagation Delay 
versus Load Capacitance 





Output Characteristics (Continued) 


On a greatly expanded scale, the output LOW characteris- 
tics of a gate are shown in Figure 1-77. With no load, the 
output voltage is about 0.1V, increasing with current on a 
slope of about 7.59. When the load current increases be- 
yond the current-sinking capability of Q3, the output voltage 
rises steeply. It can be seen that the worst-case specifica- 
tion of 0.5V max at 20 mA load is easily met. Similar charac- 
teristics for a buffer shown in Figure 1-12, over a broader 
current range. The curves are well below the output LOW 
voltage specification of 0.55V max at 48 mA over the mili- 
tary temperature range or 64 mA over the commercial tem- 
perature range. 
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Vo_ = OUTPUT LOW VOLTAGE -V 











lo, ~ OUTPUT LOW CURRENT = mA 


TL/F/9592-12 
FIGURE 1-12. Output LOW Characteristics— ’F244 
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Voy ~ OUTPUT HIGH VOLTAGE - V 











160 


loy = OUTPUT HIGH CURRENT = mA 


TL/F/9592-13 
FIGURE 1-13. Output HIGH Characteristics— ’F00 


The output HIGH characteristics of a FAST gate are shown 
in Figure 1-13. At low values of output current the voltage is 
approximately 3.5V. This value is just the supply voltage 
minus the combined base-emitter voltages of the Darlington 
pull-up transistors Q5 and Q6 (Figure 1-3). For load currents 
above 16 mA or 18 mA, the voltage drop across the 450. 
Darlington collector resistor becomes appreciable and the 
Darlington saturates. For greater load currents the output 
voltage decreases with a slope of about 502, which is large- 
ly due to the 459 resistor. The value of current where a 
characteristic intersects the horizontal axis is the short- 


circuit output current los. This is guaranteed to be at least 
60 mA for a FAST gate, compared to 40 mA for S-TTL. This 
parameter is an important indicator of the ability of an output 
to charge load capacitance. Thus the FAST specifications 
insure that an output can charge load capacitance faster, or 
force a higher LOW-to-HIGH voltage step into the dynamic 
impedance of a long interconnection. 


The output HIGH characteristics of a buffer are shown in 
Figure 1-14. These are similar in shape to Figure 1-13 but at 
higher levels of current. The output HIGH voltage of a buffer 
is guaranteed at two different levels of load current. With a 
3 mA load, Voy is guaranteed to be at least 2.4V for both 
military and commercial devices. Voy is also guaranteed to 
be at least 2.0V with a 12 mA load for military or 15 mA load 
for commercial devices. In addition, the short-circuit output 
current of a buffer is guaranteed to be at least 100 mA. 


When an output is driving a long interconnection, the initial 
LOW-to-HIGH transition is somewhat less than the final, qui- 
escent HIGH level because of the loading effect of the line 
impedance. The full HIGH voltage level is only reached after 
the reflection from the far end of the line returns to the 
driver. The initia) LOW-to-HIGH voltage step that an output 
can force into a line is determined by drawing a load line on 
the graph containing the output HIGH characteristic and 
noting the voltage value where the load line intersects the 
characteristic. For example, if a FAST gate is driving a 100 
line, a straight line from the lower left origin up to the point 
5V, 50 mA intersects the —55°C characteristic curve at 
about 2.8V. This indicates that the gate output voltage will 
rise to 2.8V initially, and the 2.8V signal, accompanied by 
28 mA of current, will travel to the end of the line. If not 
terminated, the 28 mA is forced to return to the driver, 
whereupon it unloads the driver and the output voltage rises 
to the maximum value. Similarly, a 509 load line drawn on 
the buffer characteristic shows an intercept voltage of 2.5V. 
In both cases, the initial voltage step is great enough to 
pass through the switching region of any inputs that might 
be located near the driver end of the lline, and thus would 
not exhibit any exaggerated propagation delay due to the 
loading effect of the line impedance on the driver output. 
Thus the FAST output characteristics insure better system 
performance under adverse loading conditions. 


Voy ~ OUTPUT HIGH VOLTAGE = V 








loy = OUTPUT HIGH CURRENT ~ mA 


TL/F/9592-14 
FIGURE 1-14. Output HIGH Characteristics— ’F244 
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Input Characteristics 


The input of a FAST circuit represents a small capacitance, 
typically 4 pF to 5 pF, in parallel with an I-V characteristic 
that exhibits different slopes over different ranges of input 
voltage. Figure 1-15 shows the input characteristic of a 
FAST gate at three temperatures. In the upper right, the flat 
horizontal portion is the Vi4—lj4 characteristic. In this region, 
all of the current from the 10 k input resistor (Figure 1-3) is 
flowing into the base of Q1 and the only current flowing in 
the input diode is the leakage current jy. When the input 
voltage decreases to about 1.7V (+ 25°C), current starts to 
flow out of the input diode and the curve shows a knee. At 
this point some of the current from the 10 kQ resistor is 
diverted from the base of Q1. When the input voltage de- 
clines to about 1.4V the curve shows another knee; at this 
point, substantially all of the current from the 10 kQ. resistor 
flows out of the input diode. The portion of the curve be- 
tween 1.4V and 1.7V input voltage is the active region, es- 
sentially corresponding to the FAST transfer function in Fig- 
ure 1-5, 


— 
|_ 


I~ INPUT. CURRENT = pA 








V~ INPUT VOLTAGE - V 


TL/F/9592~-15 
FIGURE 1-15. Input Characteristics— ’F00 


Below 1.4V input, the characteristic has the slope of the 
10 kQ input resistor. When the input voltage declines to 
about —0.3V, the Schottky clamping diode starts conduct- 
ing and the current increases rapidly as the input voltage 
decreases further. 


The input characteristics of a buffer, shown in Figure 1-76, 
differ from those of a gate in two respects. One is the loca- 
tion of the transition region along the horizontal axis. A buff- 
er input has a hysteresis characteristic about 400 mV wide, 
such that the transition region shifts left or right accordingly 
as the input voltage transition is HIGH-to-LOW or LOW-to- 
HIGH, respectively. The curves in Figure 1-16 apply to the 
HIGH-to-LOW input voltage transition. The other difference 
between buffer and gate characteristics is the slope of the 
characteristic follows this value, rather than the 10 kQ. slope 
of a gate input. 











I, - INPUT CURRENT = A 





V,~ INPUT VOLTAGE = V 


TL/F/9592-16 
FIGURE 1-16. Input Characteristics— ’F244 


The characteristics of an input Schottky clamp diode are 
shown in Figure 1-77, for much larger values of current than 
those of Figures 1-15 and 1-16. The purpose of the clamp 
diode is to limit undershoot at the end of a line following a 
HIGH-to-LOW signal transition. For example, an output sig- 
nal change from +3.5V to +0.5V into a 1002 line propa- 
gates to the end of the line, accompanied by a 30 mA cur- 
rent change. If the line is terminated in a high impedance 
the 3V signal change doubles, driving the terminal voltage 
down to —2.5V. With the clamp diode, however, the nega- 
tive excursion would be limited to about —0.7V. The same 
HIGH-to-LOW signal change on a 502 line would be 
clamped at about —1.0V. Figure 1-18 shows the typical 
breakdown characteristics for a FAST input. 
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FIGURE 1-17. Input Characteristics— ’FO0 or ’F244 
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FIGURE 1-18. Input Characteristics— ’F00 or 'F244 





TRI-STATE® Outputs 


A partial schematic of a circuit having a TRI-STATE output 
is shown in Figure 1-79. When the internal Output Enable 
(OE) signal is HIGH, the circuit operates in the normal fash- 
ion to provide HIGH or LOW output drive characteristics. 
When OE is LOW, however, the bases of Q1, Q2 and Q5 
are pulled down. In this condition the output is a high imped- 


ance. In this High Z condition, the output leakage is guaran- 
teed not to exceed 50 A. In the case of a transceiver, each 
data pin is an input as well as an output and the leakage 
specification is increased to 70 pA. In the High Z state, 
output capacitance averages about 5 pF for a 20 mA output 
and about 12 pF for a 64 mA output. 


Voc 
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FIGURE 1-19. Typical TRI-STATE Input Control 


FAST ESD Protection 


INTRODUCTION 


The study of ESD failures began in earnest back when sys- 
tem designers, faced with very expensive assembly and 
post-assembly rework, began investigating system failures 
in great detail. In the course of their study, they checked all 
the records to determine which devices has passed earlier 
testing, but had failed once in the system. The data clearly 
indicated that something in the handling process resulted in 
higher attrition rates among the devices. Reliability physi- 
cists examined the failed devices in minute detail, in some 
cases subjecting them to examination under high powered 
scanning electron microscopes. 


The problem was found to be one of electrical overstress, 
and further investigation determined that the cause of the 
overstress was a phenomenon called electrostatic dis- 
charge (or ESD). 


EXPLANATION OF HOW ESD OCCURS 


The concept of electrostatic discharge is easily understood. 
Electrostatic energy is static electricity, a stationary charge 
which can build up in either a nonconductive material or in 
an ungrounded conductive material. This charge can occur 


in one of two ways, either through polarization, which occurs 
when a conductive material is exposed to a magnetic field, 
or triboelectric effects, which occur when two surfaces con- 
tact and then separate, leaving one positively charged and 
one negatively charged. Friction between two materials in- 
creases triboelectric charge by increasing the surface area 
that comes in contact. A good example of this phenomenon 
would be the charge one accumulates walking across a ny- 
lon carpet. The discharge occurs when one reaches for a 
doorknob or other conductive surface. The types of ESD 
with which we will be concerned fall into the category of 
triboelectric effects. Within this category, various materials 
have differing potentials for charge. Asbestos, nylon, human 
and animal hair and wool have a high positive triboelectric 
potential. Silicon has one of the highest negative triboelec- 
tric potentials, followed by such materials as polyurethane, 
polyester and rayon. Cotton, wood, steel and paper all tend 


’ to be relatively neutral, which makes cotton clothing and 


steel table tops excellent ESD protective materials in envi- 
ronments where ESD problems can be anticipated. 
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Circuit Characteristics 


FAST ESD Protection (Continued) 


The intensity of the charge is inversely proportional to the 
relative humidity. As humidity decreases, ESD problems in- 
crease. For example, walking across a carpet will generate 
a 1.5 kV charge at 90%RH, but will generate 35 kV at 
10%RH. When an object storing a static charge comes in 
contact with another object, the charge will attempt to find a 
path to ground, discharging into the contacted object. Al- 
though the current level is extremely low (typically less than 
0.1 nanoamp), the voltage can be as high as 35-50 kV. 


The degree of damage caused by electrostatic discharge is 
a function of the size of the charge (which is determined by 
the capacitance of the charged object) and the rate at which 
it is discharged (determined by the resistance into which it is 
discharged). This relationship can be shown with a wave- 
form (Figure 1-20) that utilizes what is termed a double ex- 
ponential decay pulse. With such a pulse, 99% of the ener- 
gy will be dissipated in five time constants, with each time 
constant established by the resistance and capacitance 
mentioned above. Where both are low, the discharge rate 
will be rapid enough to cause damage if the object into 
which discharge occurs is a semiconductor. As resistance 
and capacitance increase, both the discharge rate and the 
risk of damage decrease. 


t—-— 
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FIGURE 1-20. Ideal RC Waveform 


It is estimated that the value of devices lost to ESD could 
run as high as $1 billion per year. Most electrostatic damage 
is caused by the handling of devices by personnel who have 
not taken adequate precautions. One would expect this in 
light of the fact that the capacitance of the human body 
ranges from 50 to 200 pF. The ESD characteristics of work 
surfaces and of materials passing through the area should 
not be ignored, however, in an attempt to concentrate on 
the human effect. 


TYPES OF ESD DAMAGE 


The damage caused by ESD results from the charge’s tend- 
ency to seek the shortest path to ground, overstressing any 
electrical interfaces in that path. There are several different 
types of damage that result, and each of these tends to be 
typical of specific component technologies and elements. 





Dielectric Breakdown 


Dielectric breakdown occurs when the voltage across an 
oxide exceeds its dielectric breakdown strength. The single 
most important factor in this breakdown is the oxide thick- 
ness (Figure 1-21). Thinner oxide is more susceptible to 
electrostatic punch-through, which leaves a permanent low- 
resistance short through the oxide. Where there are pin 
holes or other weaknesses in the oxide, damage will be 
possible at lower charge levels. It should be noted that 
semiconductor manufacturers have reduced oxide thick- 
nesses as they have reduced the overall size of the devices. 
ESD sensitivity has therefore increased dramatically. 
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FIGURE 1-21. Bipolar Transistor 


Electrostatic charge which does not actually result in a 
breakdown can cause lattice damage in the oxide, lowering 
its ability to withstand subsequent ESD exposure. A weak- 
ened lattice will also have a lower breakdown threshold volt- 
age, and this mechanism is voltage dependent. 


TL/F/9592-32 


Thermal Secondary Breakdown or Junction Burnout 


Junction burnout is a significant failure mechanism for bipo- 
lar devices, and tends to be power dependent rather than 
voltage dependent. The interface (or junction) between a 
P-type diffusion and an N-type diffusion normally has a posi- 
tive temperature coefficient at low temperatures (that is, in- 
creased temperature will result in increased resistance). 
When a reverse-biased pulse is applied, the junction dissi- 
pates heat in its very narrow depletion region, and the tem- 
perature increases rapidly. lf enough energy is applied, the 
temperature of the junction will reach a point at which the 
temperature coefficient of the silicon will turn negative (that 
is, at which increased temperature will result in decreased 
resistance). Since the area of the junction is not uniform, hot 
spots occur. When the melting temperature of silicon 
(1415°C) is reached as a result of the ensuing thermal run- 
away condition, junction melting occurs in the localized 
area. If there is an additional energy available after the initia- 
tion of melt, the hot spot can grow into a filament short. The 
longer the pulse, the wider the resultant filament short. 


After the occurrence of the transient, the silicon will resolidi- 
fy. In a relatively short pulse, a hot spot may form, but not 
grow completely across the junction. As a result, the dam- 
age may not manifest itself immediately as a junction short 
but will appear at a later time as a result of electromigration. 
Shrinking geometries will decrease junction areas, and this 
should increase the susceptibility of these devices to ESD 
related junction problems. 





FAST ESD Protection (Continued) 


Metallization Melt 


Semiconductor interconnect metallization typically has a 
small cross-sectional area and limited current carrying capa- 
bility. As feature sizes continue to be reduced, metallization 
cross-section will be reduced as well. Reducing metalliza- 
tion line width by half and metallization thickness by half 
reduces the current carrying capability of that metallization 
stripe by 75%. Metallization melt, which is a power-depen- 
dent failure mechanism, is more likely to occur during short 
duration, high current pulses, since the only available heat 
sink (the bonding pad) is nearby and the heat dissipated in 
the metallization does not have time to flow into the sur- 
rounding areas. It can also occur as a side effect during 
junction melt. 


Latent Failures 


Immediate failure resulting from ESD exposure is easily de- 
termined: the device no longer works. A failed device may 
be removed from the lot or from the subassembly in which it 
is installed, and it represents no further reliability risk to the 
system. There are, however, devices which have been ex- 
posed to ESD but which have not immediately failed. Unfor- 
tunately, there has never been sufficient data dealing with 
the long-term reliability of devices which have survived ESD 
exposure, although some experts feel that two to five devic- 
es are degraded for every one that fails. It should be obvi- 
ous from an examination of the failure mechanisms de- 
scribed above that there can be significant degradation 
without immediate failure. Damage can manifest itself in ei- 
ther a shortening of the device's lifetime (a possible cause 
for many of the infant mortality failures seen during burn-in) 
or in electrical performance shifts, many of which cause the 
device to fail electrical test limits. 


ESD PROTECTIVE MEASURES 


It should be obvious then that there are three principal con- 
siderations when dealing with ESD. The first is that the de- 
vice should be designed in a manner that minimizes ESD 
sensitivity and incorporates some ESD protective features. 


The second is that both manufacturers and users must un- 
derstand the ESD susceptibility of the devices with which 
they are dealing. Thirdly, both user and manufacturer must 
understand the generation of and sources of ESD charges 
well enough to establish proper precautions throughout their 
plants. 


Fast Dual-Rail ESD Protection 


The continuing development of faster and more complex 
IC’s makes it unlikely that we will see a return to thicker 
oxide layers and larger junctions. Early IC’s used fairly sim- 
ple clamping diodes on the inputs to protect them against 
voltage transients in the system. Similar, but more compre- 
hensive protective networks can be employed to provide 
ESD protection. Figure 1-22 shows National’s FAST propri- 
etary dual-rail ESD protection circuitry. These structures are 
included on most of the high volume FAST products and are 
now standard on all new FAST designs and redesigns. (See 
individual product specifications for identification of parts 
with enhanced ESD protection.) By its design, this form of 
ESD control limits product vulnerability to both positive and 
negative ESD/EOS voltages by protecting inputs and out- 
pus to Vcc as well as ground. 


Protection to ground is provided through transistor Q2 on 
the input and diode D2 on the output. On the input, the 
unique design and layout of the Schottky device insures a 
minimum turn-on voltage as well as maximum current carry- 
ing capability. For the output the standard Schottky clamp 
diode provides the protection. Q1 and Q3, through use of a 
BVCEO breakdown mechanism, protects the path to Vcc. 
Diode D1 and D3 insure isolation of the input or output from 
Voc leakages. Again, these devices have been designed 
and laid-out to insure dependable turn-on characteristics as 
well as robustness. 


Dual-rail ESD protection has provided FAST parts with pro- 


. tection levels exceeding 4000V. In fact, as measured 


through use of the MIL-STD-883 techniques described be- 
low, FAST ESD protection has averaged in excess of 
8000V. Best of all, this protection has been achieved with 
no appreciable effect on speed or significant increase in 
input capacitance. 


Voc 
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Circuit Characteristics 


FAST ESD Protection (ontinueg) 


Assessing ESD Tolerance Levels 


As awareness of the importance: of addressing ESD con- 
cerns spread, many experts felt that ESD testing had to be 
uniform if results were to be shared. Method 3015 of MIL- 
STD-883 was created for the purpose of allowing manufac- 
turers to assess the ESD tolerance levels of the devices 
they offered and to allow users to determine the ESD sensi- 
tivity of the parts with which they were assembling systems. 
Method 3015 has established a test circuit (see 
Figure 1-23 ) which approximates the resistance and capac- 
itance found in the human body (which continues to provide 
the major source of destructive ESD). The testing is per- 
formed by charging the capacitor in the test circuit and then 
discharging that capacitor into the unit under test. After test- 
ing, a device will be classified as either Class 1, those devic- 
es which exhibit ESD-induced failure or degradation at lev- 
els between zero volts and 1,999V; or Class 2, those which 
may exhibit ESD sensitivity at levels between 2,000V and 
3,999V; or Class 3, those devices which may exhibit ESD 
sensitivity at levels above 4,000V but have passed all test- 
ing up to that level. This testing is performed on a sample 
basis at initial device qualification and need not be repeated 
unless the device is redesigned. The testing is considered 
destructive, even for those devices which do not fail. 


8000 MIN 15000 


A device may be characterized as Class 1 in lieu of testing 
at a manufacturer's discretion. Some manufacturers, con- 
cerned with the possibility of latent damage due to inade- 
quate protection of devices which test as Class 2, and con- 
cerned that static charges resulting from handling can run 
as high as 50 kV, have elected to treat all of their devices as 
Class 1, thus ensuring that consistent implementation of 
common handling procedures will provide maximum protec- 
tion for all devices. 


Data generated by an RADC study of electrostatic dis- 
charge susceptibility (VZAP-1, Spring 1983) would seem to 
support that kind of a conservative approach. The data (see 
Figure 1-24) shows the point at which failure first occurred 
for a given device. It indicates that there are a number of 
devices which can be expected to fail between 2 kV and 
5 kV, but few that will survive beyond 10 kV. 


Those devices which are classified as Class 1 must be 
marked with one equilateral triangle, and those classified as 
Class 2 must be marked with two equilateral triangles to 
identify them as static sensitive. (Class 3 devices will have 
no top mark designator.) 


TABLE |. Device ESD Failure Threshold Classification 


MIL Class | ESD Tolerance | Top Mark Designation 
OV to 1,999V One triangle (i.e., 4) 


2,000V to 3,995V | Two triangles (i.e., 44) 
4,000V and above 
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FIGURE 1-23. ESD Test Circuit 





FAST ESD Protection (Continued) 


4kV 6kV 


FIGURE 1-24. Failure Rate at Ascending ESD Voltages 


ESD Precautionary Measures 


ESD protective measures fall into two categories: those 
which shield the device from ESD and those which control 
the occurrence of ESD. ESD shielding can be accomplished 
by either grounding all of the device leads together, thus 
providing a more direct path to ground, or by surrounding 
the device with insulating material that would keep ESD 
from reaching the device. The first method is most practical 
during device assembly and environmental test, the second 
during shipment and storage. However, neither can be uti- 
lized during electrical testing. 


Most of the handling of ICs, however, occurs during electri- 
cal testing. Testing cannot be performed if the device’s 
leads are shorted together, nor can it take place if the de- 
vice is within an insulated container. Control of ESD during 
testing is therefore extremely important. This is accom- 
plished through the grounding of all potential sources of 
ESD. Stainless steel work surfaces connected to ground 
through an appropriate resistive element provide a harmless 
bleed-off of any charge that occurs. Requiring that all per- 
sonnel! who handle devices wear ground straps can effec- 
tively eliminate the human body and its clothing as sources 
of ESD. It is also important to minimize the handling of de- 
vices. This can be partially accomplished through the use of 
automated test handlers, which allow the devices to be 
loaded into the testers from ESD-protective rails and re- 
turned to those rails from the tester. Equally important is the 
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elimination of any unnecessary testing or test insertions. 
Semiconductor manufacturers have decreased the number 
of test insertions for many devices by combining parametric, 
functional and switching tests onto a single insertion test 
program. Users have minimized handling by relying more 
heavily on the testing performed by their vendors and by 
eliminating incoming testing. Pick-and-place systems and 
other automated board assembly hardware have also 
helped to minimize device handling. Most systems manufac- 
turers have also implemented procedures that minimize the 
handling of boards and subassemblies in order to ensure 
that devices receive no potentially damaging exposure to 
ESD after board assembly. 


Effective control of ESD, however, cannot be accomplished 
unless the entire work area is designed around ESD con- 
cerns. This level of attention to detail is essential to the 
minimization of ESD problems. 


SUMMARY 

Electrostatic discharge will continue to be a major concern 
for those who use semiconductor devices. As device geo- 
metries continue to shrink, the ESD sensitivity of devices 
will increase. Only through proper handling and packaging, 
and through proper attention to ESD concerns will we be 
able to ensure that long term reliability of key systems is not 
negatively affected by ESD problems. 
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Circuit Characteristics 


Glossary 


Currents—Positive current is defined as conventional cur- 
rent flow into a device. Negative current is defined as con- 
ventional current flow out of a device. All current limits are 
specifed as absolute values. 


Icc Supply Current—The current flowing into the Vcc sup- 
ply terminal of a circuit with the specified input conditions 
and the outputs open. When not specified, input conditions 
are chosen to guarantee worst-case operation. 


lig Input HIGH Current—The current flowing into an input 
when a specified HIGH voltage is applied. 


IL nput LOW Current—The current flowing out of an input 
when a specified LOW voltage is applied. 


lon Output HIGH Current—The current flowing out of the 
output when it is in the HIGH state. For a turned-off open- 
collector output with a specified HIGH output voltage ap- 
plied, the Ioy is the leakage current. 


lo. Output LOW Current—The current flowing into an out- 
put when it is in the LOW state. 


log Output Short Circuit Current—The current flowing out 
of a HIGH-state output when that output is short circuited to 
ground (or other specified potential). 

lozH Output OFF Current HIGH—The current flowing into 
a disabled TRI-STATE output with a specified HIGH output 
voltage applied. 

loz_ Output OFF Current LOW—The current flowing out of 
a disabled TRI-STATE output with a specified LOW output 
voltage applied. 

Voltages—All voltages are referenced to the ground pin. 
Negative voltage limits are specified as absolute values (i.e., 
—10.0V is greater than —1.0V). 


Vcc Supply Voltage—The range of power supply voltage 
over which the device is guaranteed to operate within the 
specified limits. 


Vcp (Max) Input Clamp Diode Voltage—The most nega- 
tive voltage at an input when a specified current is forced 
out of that input terminal. This parameter guarantees the 
integrity of the input diode, intended to clamp negative ring- 
ing at the input terminal. 


Vin Input HIGH Voltage—The range of input voltages that 
represents a logic HIGH in the system. 


Vin (Min) Minimum Input HIGH Voltage—The minimum 
allowed input HIGH in a logic system. This value represents 
the guaranteed input HIGH threshold for the device. 


Vit Input LOW Voltage—The range of input voltages that 
represent a logic LOW in the system 


Vit. (Max) Maximum Input LOW Voltage—The maximum 
allowed input LOW in a system. This value represents the 
guaranteed input LOW threshold for the device. 


Von (Min) Output HIGH Voltage—The minimum voltage at 
an output terminal for the specified output current Ioy and 
at the minimum value of Vcc. 


Vo. (Max) Output LOW Voltage—The maximum voltage 
at an output terminal sinking the maximum specified load 
current lot. 


VT+ Positive-Going Threshold Voltage—The input volt- 
age of a variable threshold device (i.e., Schmitt Trigger) that 
is interpreted as a Vjy as the input transition rises from be- 
low VT— (Min). 


VT— Negative-Going Threshold Voltage—The input volt- 
age of a variable threshold device (i.e., Schmitt Trigger) that 
is interpreted as a Vj, as the input transition falls from above 
VT+ (Max). 


AC Switching Parameters 


f; Maximum Transistor Operating Frequency—the fre- 
quency at which the gain of the transistor has dropped by 
three decibels. 


fmax Toggle Frequency/Operating Frequency—The 
maximum rate at which clock pulses may be applied to a 
sequential circuit. Above this frequency the device may 
cease to function. 


tp_y Propagation Delay Time—The time between the 
specified reference points, normally 1.5V on the input and 
output voltage waveforms, with the output changing from 
the defined LOW level to the defined HIGH level. 


tpH_ Propagation Delay Time—The time between the 
specified reference points, normally 1.5V on the input and 
output voltage waveforms, with the output changing from 
the defined HIGH !evel to the defined LOW level. 


ty Pulse Width—The time between 1.5V amplitude points 
on the leading and trailing edges of a pulse. 


th Hold Time—The interval immediately following the active 
transition of the timing pulse (usually the clock pulse) of 
following the transition of the control input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure its continued recogni- 
tion. A negative hold time indicates that the correct logic 
level may be released prior to the active transition of the 
timing pulse and still be recognized. 


ts Setup Time—The interval immediately preceding the ac- 
tive transition of the timing pulse (usually the clock pulse) or 
preceding the transition of the control input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure its recognition. A nega- 
tive setup time indicates that the correct logic level may be 
initiated sometime after the active transition of the timing 
pulse and still be recognized. 


tpyz Output Disable Time (of a TRI-STATE Output) from 
HIGH Level—The time between the 1.5V level on the input 
and a voltage 0.3V below the steady state output HIGH lev- 
el with the TRI-STATE output changing from the defined 
HIGH level to a high impedance (OFF) state. 


tp_z Output Disable Time (of a TRI-STATE Output) from 
LOW Level—tThe time between the 1.5V level on the input 
and a voltage 0.3V above the steady state output LOW level 
with the TRI-STATE output changing from the defined LOW 
level to a high impedance (OFF) state. 


tpzy Output Enable Time (of a TRI-STATE Output) to a 
HIGH Level—The time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a HIGH 
level. 


tpz_ Output Enable Time (of a TRI-STATE Output) to a 
LOW Level—tThe time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a LOW lev- 
el. 

tree Recovery Time—The time between the 1.5V level on 
the trailing edge of an asynchronous input control pulse and 
the same level on a synchronous input (clock) pulse such 
that the device will respond to the synchronous input. 





Logic Symbols and Terminology 


The definitions of LOW and HIGH logic levels are: LOW- a 
voltage defined by Vj_; HIGH- a voltage defined by Vip. A 
LOW condition represents logic ‘0’; a HIGH condition, logic 
ain 

The logic symbols used to represent the FAST devices fol- 
low MIL-STD-806B for logic symbols. Elements are repre- 
sented by rectangular blocks with appropriate external 
AND/OR gates when necessary. A small circle at an exter- 
nal input means that the specific input is active-LOW; (it 
produces the desired function, in conjunction with other in- 
puts, if its voltage is the lower of the two logic levels in the 
system). A circle at the output indicates that when the func- 


tion designated is true, the output is LOW. Generally, inputs 
are at the top and left and outputs appear at the bottom and 
right of the logic symbol. An exception is the asynchronous 
Master Reset in some sequential circuits which is always at 
the left hand bottom corner. 


Inputs and outputs are labeled with mnemonic letters as 
illustrated in Table 1-1. Note that an active LOW function 
labeled outside of the logic symbol is given a bar over the 
label, while the same function inside the symbol is labeled 
without the bar. When several inputs or outputs use the 
same letter, subscript numbers starting with zero are used in 
an order natural for device operation. 


TABLE 1-1 


Label 


Ix General term for inputs to 
combinatorial circuits. 


Inputs to JK, SR and D 
flip-flops and latches. 


Address or Select inputs, used to select an 
input, output, data route, junction, or 
memory location. 


Enable, active LOW on all TTL/MSI. A latch 
can receive new data when its Enable input © 
is in the active state. 


Example 


1 to ly 4 ts Ig by 


'FIS1 
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'F259 


MR Q Q; Q, Qz Q Qs Qe, Q, 
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Do Dy Dz Ds Dy Ds Dg Dy 
F373 
Op 04 0, 03 04 Os Og 0, 
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Circuit Characteristics 


Logic Symbols and Terminology (Continued) 
TABLE 1-1 (Continued) 
Example 


Parallel Enable, a control input used to 
synchronously load information in parallel 
into an otherwise autonomous circuit. 


Parallel data inputs to shift registers and 
counters. 


TL/F/9592-24 


Parallel Load; similar to Parallel Enable 
except that PL overrides the clock and 
forces parallel loading asynchronously. 


TL/F/9592-25 


Master Reset, synchronously resets all *R = MRon'F160A/"F161A 
outputs to zero, overriding all other inputs. SR on 'F162A/"F163A 


Synchronous Reset, resets all outputs 
to zero with active edge of clock. 


TL/F/9592-26 


Clock Pulse, genrally a HiGH-to-LOW-to-HIGH 
transition. An active HIGH clock (no circle) 
means outputs change on LOW-to-HIGH 
clock transition 

Clock Enable inputs for counters. 
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General terms for outputs of 
combinatorial circuits 
loa Ne lob Ib loc be log Ita 


‘F258 
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Logic Symbols and Terminology (Continued) 


TABLE 1-1 (Continued) 


General term for latch and flip-flop outputs. 
If they pass through an enable gate before 
exiting the package, Q or Q changes to 
OorO. 


Terminal Count output (1111 for up binary 
counters, 1001 for up decimal counters, or 
0000 for down counters). 


Output Enable, used to force TRI-STATE 
outputs into the high impedance state. 


This nomenclature is used throughout this book and may 
differ from nomenclature used on other data books, where 
outputs use alphabetic subscripts or use number sequences 
starting with one. 


Handling Precautions for 


Semiconductor Components 

The following standard handling precautions should be ob- 
served for oxide isolation, shallow junction processed parts, 
such as FAST or 100k ECL: 


1. All National devices are shipped in conducting foam or 
antistatic tubes. When they are removed for inspection or 
assembly, proper precautions should be used. 


Example 
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Dy D, Da Ds Oy Dy Dg Dy 
F374 
Op 0; 0» 03 04 Os Og 07 
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. National devices, after removal from their shipping mate- 


rial, should be placed leads down on a grounded surface. 
Under no circumstances should they be placed in polysty- 
rene foam or non-conducting plastic trays used for ship- 
ment and handling of conventional ICs. 


. Individuals and tools should be grounded before coming 


in contact with these devices. 


. Do not insert or remove devices in sockets with power 


applied. Ensure that power supply transients, such as oc- 
cur during power turn-on or off, do not exceed maximum 
ratings. 


. After assembly on PC boards, ensure that static dis- 


charge cannot occur during handling, storage or mainte- 
nance. Boards may be stored with their connectors sur- 
rounded with conductive foam. 
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Ratings, Specifications and Waveforms 


For convenience in system design, the input loading and 
fan-out characteristics of each circuit are specified in terms 
of unit loads. 


One unit load in the HIGH state is defined as 20 »A; thus 
both the input HIGH leakage current, |)q, and the output 
HIGH current-sourcing capability, loy, are normalized 
to 20 pA. The specified |) for a typical FAST® single load 
input is 20 pA or 1.0 U.L. The Ioy rating for a FAST output 
depends upon whether the device has a standard or 
TRI-STATE® output or if the device is a buffer/line driver. 
The lox rating for a standard FAST device is 1.0 mA or 50 
U.L., while TRI-STATE is 3.0 mA or 150 U.L. and line driver/ 
buffers specify loy of 12.0 mA or 600 ULL. 


Similarly, one unit load in the LOW state is defined as 
0.6 mA and both the input LOW current, lj_, and the output 
LOW current-sinking capability, Io,, are normalized to 
0.6 mA. The specified maximum |), for a typical FAST single 
load input is 0.6 mA or 1.0 U.L. However, the Io, rating 
differs among standard, TRI-STATE and buffer/line driver 
outputs. The lo, rating for a standard output is 20 mA or 
33.3 U.L. FAST devices with TRI-STATE outputs specify lo. 
at 24 mA or 40 ULL. for commercial temperature range and 
20 mA or 33.3 U.L. for military temperature range. The Ioy 
rating for a FAST buffer/line driver output is 64 mA or 
106.6 U.L. for the commercial temperature range and 48 mA 
or 80 U.L. over the military temperature range. 


On the data sheets the input and output load factors are 
listed in the Input Loading/Fan-Out table. The tables from 


the 54F/74F373 Transparent Latch and the 29F52 Regis- 
tered Transceiver are reproduced below. 


In the second column from the right, the 54F/74F379 input 
HIGH/LOW load factors are 1.0/1.0 with the first number 
representing Ij, and the second representing li_. The 29F52 
has input HIGH/LOW load factors of 1.0/1.0 for the typical 
FAST single load inputs and 3.5/1.083 for the register in- 
puts. For testing procurement purposes, these unit load 
specifications can easily be translated into actual test limits 
by multiplying the HIGH/LOW load factors by 20 pA and 
0.6 mA respectively. The current limits are listed as well. 


Also in this column are the output HIGH/LOW output load 
factors, with the first number representing Ioy and the sec- 
ond representing Io_. These load factors can be translated 
to actual test limits by multiplying them by 20 wA and 0.6 mA 
respectively. These are shown in the far right column. The 
54F/74F373 output HIGH/LOW drive factors are 
150/40 (33.3) which translate into an Igy of 3.0 mA and Io. 
of 24 mA for commercial grade and 20 mA for military 
grade. The 29F52 A-Register outputs are TRI-STATE out- 
puts with HIGH/LOW drive factors of 150/40 (33.3) indicat- 
ing an Igy of 3 MA and Io, of 24 mA for commercial and 
20 mA for military. The B-Register outputs specify unit load 
factors of 600/106.6 (80) translating into an Ioy of 12 mA 
and lo of 64 mA for commercial and 48 mA for military. 


Unit Loading/Fan Out 29F52: see section 2 for ULL. definitions 


54F/74F 


Description 


3.5/1.083 
150/40 (33.3) 
3.5/1.083 

600/106.6 (80) 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 


A-Register Inputs 
A-Register Outputs 
B-Register Inputs 
B-Register Outputs 
Output Enable A-Register 
A-Register Clock 
A-Register Clock Enable 
Output Enable B-Register 
B-Register Clock 
B-Register Clock Enable 


ULL. Input Ia/Iie 
HIGH/LOW Output Ion/loL 


70 pA/0.65 mA 
—3 mA/24 mA (20 mA) 
70 pA/0.65 mA 
—12 mA/64 mA (48 mA) 
20 pA/—0.6 mA 
20 pA/—-0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
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Unit Loading/Fan Out 54F/74F373: see Section 2 for U.L. definitions 


ULL. Input Fpy/lie 
HIGH/LOW Output Ion/lot 


1.0/1.0 20 pA/—0.6 mA 

1.0/1.0 20 pA/—0.6 mA 

1.0/1.0 20 pA/—0.6 mA 
150/40 (33.3) | —3 mA/24 mA (20 mA) 


Description 


Data Inputs 

Latch Enable Input (Active HIGH) 
Output Enable Input (Active LOW) 
TRI-STATE Latch Outputs 


Ratings, Specifications and Waveforms 


AC Loading and Waveforms 


Figure 2-1 shows the AC loading circuit used in characteriz- 
ing and specifying propagation delays of all FACT devices, 
unless otherwise specified in the data sheet of a specific 
device. The use of this load, which differs somewhat from 
previous practice, provides more meaningful information 
and minimizes problems of instrumentation and customer 
correlation. In the past, + 25°C propagation delays for TTL 
devices were specified with a load of 15 pF to ground; this 
required great care in building test jigs to minimize stray 
capacitance, and implied the use of high impedance, high 
frequency scope probes. FAST circuits changed to 50 pF of 
capacitance allowing more leeway in stray capacitance and 
also loading the device during rising or falling output tran- 
sitions. This more closely resembles the loading to be ex- 
pected in average applications and thus gives the designer 
more useful delay figures. The net effect of the change in 
AC load is to increase the observed propagation delay by an 
average of about 1 ns. 


The 5002 resistor to ground, in Figure 2-7, acts as a ballast, 
to slightly load the totem-pole pull-up and limit the quiescent 
HIGH-state voltage to about +3.5V. Otherwise, an output 


would rise quickly to about +3.5V but then continue to rise 
very slowly to about + 4.4V. On the subsequent HIGH-to- 
LOW transition the observed tpy_ would vary slightly with 
duty cycle, depending on how Iong the output voltage was 
allowed to rise before switching to the LOW state. Perhaps 
more importantly, the 5002 resistor to ground can be a high 
frequency passive probe for a sampling scope, which costs 
much less than the equivalent high impedance probe. Alter- 
natively, the 5009 load to ground can simply be a 4500 
resistor feeding into a 509 coaxial cable leading to a sam- 
pling scope input connector, with the internal 509 termina- 
tion of the scope completing the path to ground. Note that 
with this scheme there should be a matching cable from the 
device input pin to the other input of the sampling scope; 
this also serves as a 502. termination for the pulse genera- 
tor that supplies the input signal. 


Also shown in Figure 2-71 is a second 5000 resistor from the 
device output to a switch. For most measurements this 
switch is open; it is closed for measuring a device with 
open-collector outputs and for measuring one set of the En- 
able/Disable parameters (LOW-to-OFF and OFF-to-LOW) 
of a TRI-STATE output. With the switch closed, the pair of 
500° resistors and the + 7.0V supply establish a quiescent 
HIGH level of + 3.5V, which correlates with the HIGH level 
discussed in the preceding paragraph. 


Figure 2-5 shows that the Disable times are measured at 
the point where the output voltage has risen or fallen by 
0.3V from the quiescent level (i.e., LOW for tp. z or HIGH for 
tpyz), Compared to a AV of 0.5V used in previous practice. 
This change enhances the repeatability of measurements 
and gives the system designer more realistic delay times to 


use in calculating minimum cycle times. Since the rising or 
falling waveform is RC-controlled, the first 0.3V of change is 
more linear than the first 0.5V and is less susceptible to 
external influences. More importantly, perhaps, from the 
system designer’s point of view, a AV of 0.3V is adequate to 
ensure that a device output has turned OFF; measuring to a 
AV of 0.5V merely exaggerates the apparent Disable time 
and thus penalizes system performance, since the designer 
must use the Enable and Disable times to devise worst-case 
timing signals to ensure that the output of one device is 
disabled before that of another device is enabled. 


Figure 2-2 describes the input signal voltages recommend- 
ed for use when testing FAST circuits. The AC input signal 
levels follow industry convention of Vix switching 0 to 3 
volts. DC low input levels are typically 0 to Vi_, and high 
input levels are typically Vijy to Vcc. Input thresholds are 
guaranteed during Vo, and Voy tests. High level noise im- 
munity is the difference between Voy and Vjy. Low level 
noise immunity is the difference between Vi, and VoL. 
Noise-free Viy or Vi_ levels should not induce a switch on 
the appropriate output of the FAST device. When testing in 


an automatic test environment, extreme caution should be 


taken to ensure that input levels plus noise do not go into 
the transition region. 


Good high frequency wiring practices should be used in 
constructing test jigs. Leads on the load capacitor should be 
as short as possible to minimize ripples on the output wave- 
form transitions and to minimize undershoot. Generous 
ground metal (preferably a ground plane) should be used for 
the same reasons. A Vcc bypass capacitor should be pro- 
vided at the test socket, also with minimum lead lengths. 
Input signals should have rise and fall times of 2.5 ns and 
signal swing of OV to +3.0V. Rise and fall times < 1 ns 
should be used for testing fmax or pulse width. A 1.0 MHz 
square wave is recommended for most propagation delay 
tests. The repetition rate must necessarily be increased for 
testing fmax- A 50% duty cycle should always be used when 
testing fmax. Two pulse generators are usually required for 
testing such parameters as setup time, hold time, recovery 
time, etc. 


Precautions should be taken to prevent damage to devices 
by electrostatic charge. Static charge tends to accumulate 
on insulated surfaces, such as synthetic fabrics or carpet- 
ing, plastic sheets, trays, foam, tubes or bags, and on un- 
grounded electrical tools or appliances. The problem is 
much worse in a dry atmosphere. In general, it is recom- 
mended that individuals take the precaution of touching a 
known ground before handling devices. To effectively avoid 
electrostatic damage to FAST devices it may be necessary 
for individuals to wear a grounded wrist strap when handling 
devices. 





CLOCK OR 
CONTROL 
INPUT 


tpz1, tpiz, 0.C. ALL OTHER 


TL/F/9600-1 
*Includes jig and probe capacitance TL/F/9600-4 
FIGURE 2-1. Test Load FIGURE 2-4. Propagation Delay, 
Pulse Width Waveforms 


OUTPUT 
CONTROL 


TL/F/9600-5 
FIGURE 2-5. TRI-STATE Output HIGH 
and LOW Enable and Disable Times 
HIGH Level {| LOW Level 


Input Levels | Input Range | Input Range Noise Noise 
Immunity [ Immunity 


TL/F/9600-2 
FIGURE 2-2. Test Input Signal Levels 


CLOCK OR 
CONTROL 
INPUT 


MR, CLR 
PRE 
TL/F/9600-6 
FIGURE 2-6. Setup Time, Hold Time 
TL/F/9600-3 and Recovery Time Waveforms 


FIGURE 2-3. Propagation Delay Waveforms for 
Inverting and Non-Inverting Functions 
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Ratings, Specifications and Waveforms 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias 
Ceramic 
Plastic 
Voc Pin Potentia! to 
Ground Pin 
Input Voltage (Note 2) 
{nput Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


—§5°C to + 175°C 
—55°C to + 150°C 


—0.5V to + 7.0V 
—0.5V to + 7.0V 
—30 mA to + 5.0 mA 


—0.5V toVcoc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. ; 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions : 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


54F/74F 
sta Sas | sare 
Max 


Min Typ 
Vi__| Input LOW Votage fe ae ee 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 


Vcp Min | lin = —18 mA, Non I/O Pins 


Vou 


Input Clamp Diode Voltage 
2.5 


Output HIGH 
Voltage 


Output LOW 


Voltage 


Input LOW Current 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Input HIGH Current 
Breakdown (i/o) 


Output HIGH 
Leakage Current 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


54F 10% Voc 
54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voco 
74F 10% Voc 
7T4F 5% Voc 
74F 5% Voc 
74F 5% Voc 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 


54F 
74F 





54F 
74F 


54F 
74F 


54F 
74F 


74F 


74F 


o 
& = = = 


ai 
oO 


| <= | 


loH = —1 mA, Standard or TRISTATE Outputs 
lon = —3 mA, TRI-STATE or Buffer/Line Driver Outputs 
lon = —12mA, Buffer/Line Driver Outputs — 
—1 mA, Standard or TRI-STATE Outputs 
= ~—3mA, TRI-STATE or Buffer/Line Driver Outputs 
= —12 mA, Buffer/Line Driver Outputs 
= —1 mA, Standard or TRI-STATE Outputs 
= —3mA, TRI-STATE or Buffer/Line Driver Outputs 
—15 mA, Buffer/Line Driver Outputs 


lo. = 20 mA, Standard or TRISTATE Outputs 
lo. = 48 mA, Buffer/Line Driver Outputs 

lo. = 20 mA, Standard Outputs 

lo. = 24 mA, TRI-STATE Outputs 

loL' = 64 mA, Buffer/Line Driver Outputs 


< 


Max 
Max 
Max 


Vin = 0.5V, 1.0 ULL. Input 
Vin = 0.5V, 2.0 U.L. Input 
Vin = 0.5V,n ULL. Input 


VIN = 2.7V 


Vin = 7.0V 


= 
z 
H 
o 
ol 
< 


Vout = Vcc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 





DC Electrical Characteristics (Continued) 


54F/74F 
Symbol Parameter 
In T Max 


M yp 
lozH Output Leakage Current 
fozi Output Leakage Current 
lin + lozy Output Leakage Current 


li + loze Output Leakage Current 


los Output Short-Circuit Current 


Bus Drainage Test 


~N 
oO 


Open Collector, Output 
OFF Leakage Test 


Power Supply Current 
Power Supply Current 


Power Supply Current 


Conditions 


Vout = 2.7V, TRI-STATE Outputs, Non !/O 
Vout = 0.5V, TRI-STATE Outputs, Non I/O 
Vio = 2.7V, 1/0 Pins 
Vio = 0.5V, 1/0 Pins 


Vout = OV, Standard or TRI-STATE Outputs 
Vout = OV, Buffer/Line Driver Outputs 


Vout = 5.25V TRI-STATE Outputs 


Vout = Vcc, 0.C. Outputs 


Vout = HIGH 
Vout = LOW 
Vout = HIGH Z 
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Section 3 
Design Considerations 
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FAST® Design 
Considerations 


FAST® is a high-speed logic family that achieves speeds 
typically 30% faster than the Schottky family with a corre- 
sponding power reduction of approximately 75%. It is fabri- 
cated with an advanced oxide isolation technique, !soplanar 
ll, which produces transistors with very high, well-controlled 
switching speeds, extremely small parasitic capacitances 
and fry in excess of 5 GHz. 


Since the family is designed to be pin-compatible with other 
TTL families such as Schottky, Low Power Schottky and 
standard TTL, existing designs can be easily upgraded. 
FAST logic offers significant improvement over the Schottky 
family in addition to improved speed and power specifica- 
tions. Other key advantages are higher input threshold lev- 
els (improving noise margins), reduced input loading, and 
increased output drive. The FAST family contains a full com- 
plement of circuits for more efficient design capabilities: 
small scale integration, medium scale integration and large 
scale integration. 


Fairchild engineers had some specific design objectives in 
mind when they developed the FAST logic family. The pri- 
mary objective was the improvement of the circuit speed- 
power performance versus earlier TTL families. Another im- 
portant objective was increasing threshold levels to improve 
DC noise immunity. Other goals were maintaining or improv- 
ing the output drive of Schottky for improved line driving 
capability, and reducing input loading for increasing the 
overall fanout out of the family. Output and input voltage 
levels, functions and pinouts were standardized to previous 
TTL families to maintain compatibility. 


The primary design consideration was to improve speed 
while reducing power. The speed of any device is limited by 
the charge storage of the transistors. The time required to 
remove this charge is proportional to the capacitance and 
current available. Thus, to improve the speed, either the 
internal resistor values must be lowered to increase the 
available current and therefore remove the charge faster, 
such as in the Schottky family, or the capacitance must be 
reduced. 


The speed-power curve shown in Figure 3-1a was used em- 
pirically to determine the optimum operating power level for 
the FAST family. Several internal gates programmed at a 
variety of power levels were produced on a wafer and the 
propagation delay of an internal gate for each power level 
was measured. 


National Semiconductor 
Application Note 661 


TL/F/9607-1 








POWER DISSIPATION — mW 








GATE DELAY = ns 
TL/F/9607-2 
FIGURE 3-1. Speed-Power Product 


As can be seen from the curves, power levels significantly 
below 4 mW per gate exhibit a dramatic degradation in per- 
formance. Power levels significantly above 4 mW, however, 
appear to have passed the point of diminishing returns with 
only minor improvements in propagation delay resulting 
from increased power. It was therefore concluded that the 
FAST family could be biased at 4 mW achieving a 1.75 ns 
propagation delay. 
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FAST Design Considerations 


Figure 3-1b compares the FAST logic family with previous 
TTL and ECL logic families. Each curve groups families with 
similar technologies. The first line, known as “‘gold doped,” 
groups together the 7400 and the 74H families into one 
technology grouping. These saturating logic families can be 
seen to have a relatively poor speed-power curve. 


The second curve notes the Schottky, Low Power Schottky 
and 10k ECL families. They use non-gold doped, soft satu- 
rated (Baker clamped) or current steering logic in order to 
achieve their speed-power performance; however, they still 
employ the planar technology. The last curve, which shows 
the FAST family with its ECL counterpart, the 100k ECL 
family, employs the Ilsoplanar technology. With FAST Iso- 
planar technology, 3 ns propagation delays at only 4 mW 
power dissipation are achieved with SSI devices. 


THRESHOLD AND NOISE MARGINS 


The noise margins most often cited for TTL obtained by 
subtracting the guaranteed maximum input HIGH level, Viq, 
of a driven input from the guaranteed minimum output HIGH 
level, Vou, of the driving source, and subtracting the guar- 
anteed maximum output LOW level, Voi, of the driver from 


the guaranteed minimum input LOW level, Vi_, of a driven 
circuit. The guaranteed worst-case values of these parame- 
ters vary slightly among the various circuit families and are 
summarized in Table Ill-l. Note that although the 9000 Se- 
ries Viy and Vi, specifications have different limits at differ- 
ent temperatures, they are grouped with the 54/74 family in 
the table as a matter of convenience. Note also that the 
Vo limit listed for 74LS is 0.5V, whereas these circuits are 
also specified at 04.V at a lower level of Io_. Noise margins 
calculated in this manner are quite conservative, since it is 
assumed that both the driver output characteristics are 
worst-case and that Vcc is on the low side for the driver and 


on the high side for the receiver. 


Figure 3-2 shows how load capacitance affects the propa- 
gation delay of Low Power Schottky, Schottky and FAST 
gates, flip-flops, registers and decoders, etc. As would be 


‘expected, Low Power Schottky TTL shows greater sensitivi- 


ty since LS output drive capability is not as great as either 
Schottky or FAST. Significantly, FAST is less affected than 
Schottky by load capacity. Figure 3-2 shows propagation 
delay versus load capacitance for buffers and line drivers 
since they are designed for greater output drive. 


TABLE Ill-I. Parameter Limits 


TTL Families 


Standard TTL, 9000, 54/74 0.8 
54F/74F 0.8 
Schottky TTL, 54S/74S, 93S 0.8 
Low Power Schottky TTL, 54LS/74LS 0.7 


Military 
(—55°C to + 125°C 


Vir Vin Vor _—Von 
2.4 


2.0 
2.0 
2.0 
2.0 


Commercial 
(0°C to + 70°C) 


iO 
0.4 2.4 0.8 20 0.4 
0.5 2.4 08 20 0.5 2.5 
0.5 2.5 08 20 0.5 2.7 
0.4 2.5 0.8 2.0 0.5 2.7 


VoL and Voy are the voltages generated at the output. Vi_ and Vj, are the voltages required at the input to generate the appropriate levels. The numbers given 


above are guaranteed worst-case values for standard outputs. 


























tery» teyy — PROPAGATION DELAY = ns 








C, = LOAD CAPACITANCE = pF 
TL/F/9607-3 


b. F240 





tory» tpy, = PROPAGATION DELAY - ns 




















C, = LOAD CAPACITANCE = pF 


TL/F/9607-4 


FIGURE 3-2. Propagation Delay vs Load Capacitance 





Notice also that for Schottky, the HIGH-to-LOW output tran- 
sition is more affected than its LOW-to-HIGH transition, 
while for FAST both transitions are equally affected. This 
indicates a better balance in the design of the FAST output, 
and minimizes pulse stretching and compressing. 


Designers are cautioned that curves of this type do not ap- 
ply when the load capacitance is distributed along an inter- 
connection. 


TEST AND SPECIFICATION IMPROVEMENTS 


Because the circuitry and technological improvements 
(feedback and speedup diodes and the Miller Killer circuitry) 
yield well-controlled AC parameters, the FAST family can be 
specified over extremes of external influences. FAST is the 
first TTL logic family which does not require derating esti- 
mates for worst-case design. This has been accomplished 
by specifying minimum and maximum propagation delays 
over the operating temperature and supply voltage ranges 
with 50 pF loading. 


In order to achieve easier correlation with our customers’ 
needs, a change in the actual AC test load was needed. 
Previously, most TTL families were measured with three se- 
rial diodes in parallel with the load capacitor. For the FAST 
logic family, a 50 pF capacitance in parallel with a 5000 
resistor is employed. This facilitates fabrication of low ca- 
pacitance test jigs. It also provides better correlation with 
customers’ measurements of propagation delay. Passive 
5002 scope probes, which are less expensive and easier to 
use than the high impedance FET input scope probes, can 
be employed. This facilitates measurement of the AC per- 
formance on automatic test equipment and yields more con- 
servative AC figures than are achieved with the previous AC 
load technique. 


DESIGN CONSIDERATIONS 


There are areas of concern which need to be addressed 
when designing with any high performance logic family. 
These topics include: transmission line concepts, printed 
circuit board layout, interfacing between technologies, open 
collector outputs, fanout, and unused inputs. 


For additional information, please refer to National's FAST 
Applications Handbook. 


TRANSMISSION LINES 


Practical transmission lines, cables and strip lines used for 
TTL interconnections have a characteristic impedance be- 
tween 302 and 1502. FAST is capable of driving a 502 line 
under worst-case conditions. 


These considerations, applicable only when the round trip 
delay of the line is longer than the rise or fall time of the 
driving signal (2td > tr), do not affect most TTL interconnec- 
tions. Short interconnections do not behave like a resistive 
transmission line, but more like a capacitive load. Since the 
rise time of different TTL outputs is known, the longest inter- 
connection that can be tolerated without causing transmis- 
sion line effects can easily be calculated and is listed in 
Table III-Il. 
TABLE Ill-il. PC Board Interconnections 


Max Interconnecti 
TTL Family [Rise Time| Fall Time |” ree on 
Length 


18 in. (45 cm) 
9 in. (22.5 cm) 


Assuming 1.7 ns/foot propagation speed, typical for epoxy fiberglass PC 
boards with e, = 4.7. 

Slightly longer interconnections show minimal transmission 
line effects; the longer the interconnections, the greater the 
chance that system performance may be degraded due to 
reflections and ringing. 


TRANSMISSION LINE EFFECTS 


The fast rise and fall times of TTL outputs (2.0 ns to 6.0 ns) 
produce transmission line effects even with relatively short 
(<2 ft) interconnections. Consider one TTL device driving 
another and switching from the LOW to the HIGH state. If 
the propagation delay of the interconnection is long com- 
pared to the rise time of the signal, the arrangement be- 
haves like a transmission line driven by a generator with a 
non-linear output impedance. Simple transmission line theo- 
ry shows that the initial voltage step at the output just antes 
the driver has switched is 
Zo 
Vout = VE Zo + Ro 


where Zo is the characteristic impedance of the line, Ro is 
the output impedance of the driver, and V¢ is the equivalent 
output voltage source in the driver, (i.e., Vcc minus the for- 
ward drop of the pull-up transistors). 


Figure 3-3 shows how the initial voltage step can be deter- 
mined graphically by superimposing lines of constant im- 
pedance of the static input and output characteristics of TTL 
elements. The constant impedance lines are drawn from the 
intersection of the Vijy and Vo, characteristics which is the 
quiescent condition preceding a LOW-to-HIGH transition. 
After this transition the Voy characteristic applies, and the 
intersection of a particular impedance line with the VoxH 
characteristic determines the initial voltage step. The Voy 
characteristic shown in Figure 3-3 has an Ro of about 809. 
and Ve of approximately 4.0V, for calculation purposes. 
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FAST Design Considerations 


FIGURE 3-3. Initial Output Voltage of TTL Driving Transmission Line 


This initial voltage step propagates down the line and re- 
flects at the end, assuming the typical case where the line is 
open-ended or terminated in an impedance greater than its 
characteristic impedance Zo. Arriving back at the source, 
this reflected wave increases Vouyr. If the total round-trip 
delay is larger than the rise time of the driving signal, there 
is a staircase response at the driver output and anywhere 
along the line. If one of the loads (gate inputs) is connected 
to the line close to the driver, the initial output voltage Voyt 
might not exceed Vy. This input is then undetermined until 
after the round trip of the system. Figure 3-4 shows the ’F00 
driver output waveform for four different line impedances. 
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For Zo of 25 and 500, the initial voltage step is in. the 
threshold region of a TTL input and the output voltage only 
rises above the guaranteed 2.0V Vix level after a reflection 
returns from the end of the line. If Vout is increased to 
> 2.0V, by either increasing Zo or decreasing Ro, additional 
delay does not occur. Ro is characteristic of the driver out- 
put configuration, varying between the different TTL speed 
categories. Zo can be changed by varying the width of the 
conductor and its distance from ground. Table III-II! lists the 
lowest transmission line impedance that can be driven by 
different TTL devices to insure an initial voltage step of 


c. 
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FIGURE 3-4. TTL Driving Transmission Line 
Note that the worst-case value, assuming a + 30% tolerance on the current limiting resistor and a ~ 10% tolerance on Vcc, is 


80% higher than the value for nominal conditions. 





TABLE III-Ifl. Transmission Line Driving Capability 


Collector 


TTL Family or Resistor 


Device 


54/74 
54S/74S 
5440/7440 
54S/74840 
54F/74F00 
54F/74F258 
54F/74F240 


Supply Voltage (Vcc) 


A graphical method provides excellent insight into the ef- 
fects of high-speed digital circuits driving interconnections 
acting as transmission lines. A load line is drawn for each 
input and output situation. Each load line starts at the previ- 
ous quiescent point, determined where the previous load 
line intersects the appropriate characteristic. The magnitude 
of the slope of the load lines is identical and equal to the 
characteristics impedance of the line, but alternate load 
lines have opposite signs representing the change in direc- 
tion of current flow. The points where the load lines inter- 
sect the input and output characteristics represent the volt- 
age and current value at the input or output, respectively, for 
that reflection. The results, Figure 3-5, are shown with and 
without the input diode and illustrate how the input diode on 
TTL elements assists in eliminating spurious switching due 
to reflection. 


TRANSMISSION LINE CONCEPTS 


The interactions between wiring and circuitry in high-speed 
systems are more easily determined by treating the inter- 
connections as transmissions lines. A brief review of basic 
concepts is presented and simplified methods of analysis 


a. With Input Diode 


- ~ - Theoretical 


—— Actual 
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Worst Case 
RQ. (R + 30%) 


Lowest Transmission Line Impedance 2 


Best Case 
(R — 30%) 


are used to examine situations commonly encountered in 
digital systems. Since the principles and methods apply to 
any type of logic circuit, normalized pulse amplitudes are 
used in sample waveforms and calculations. 


SIMPLIFYING ASSUMPTIONS 


For the great majority of interconnections in digital systems, 
the resistance of the conductors is much less than the input 
and output resistance of the circuits. Similarly, the insulating 
materials have very good dielectric properties. These cir- 
cumstances allow such factors as attenuation, phase distor- 
tion and bandwidth limitations to be ignored. With these sim- 
plifications, interconnections can be dealt with in terms of 
characteristic impedance and propagation delay. 


CHARACTERISTIC IMPEDANCE 

The two conductors that interconnect a pair of circuits have 
distributed series inductance and distributed capacitance 
between them, and thus constitute a transmission line. For 
any length in which these distributed parameters are con- 
stant, the pair of conductors have a characteristic imped- 


b. Without Input Diode 


- - - Theoretical 
—— Actual 
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FIGURE 3-5. Ringing Caused by Reflections 
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FAST Design Considerations 


ance Zq. Where quiescent conditions on the line are deter- 
mined by the circuits and terminations, Zo is the ratio of 
transient voltage to transient current passing by a point on 
the line when a signal change or other electrical disturbance 
occurs. The relationship between transient voltage, tran- 
sient current, characteristic impedance, and the distributed 
parameters is expressed as follows: 
V/Il = Zo = vLo/Co 

where Lo = inductance per unit length, and Co = capaci- 
tance per unit length. Zo is in ohms, Lo in henries, and Co 
in farads. 


PROPAGATION VELOCITY 


Propagation velocity (v) and its reciprocal, delay per unit 
length 6, can also be expressed in terms of Lo and Co. A 
consistent set of units is nanoseconds, microhenries and 
picofarads, with a common unit of length. 
v= 1NLoCg § = LoCo 

These equations provide a convenient means of determin- 
ing the Lo and Co of a line when delay, length and imped- 
ance are known. For a length 1 and delay T, 6 is the ratio 
T/1. To determine Lg and Co, combine these equations. 


Lo = 8Zo 

Co = 5/Zo 
More formal treatments of transmission line effects are 
available from many sources. 


TERMINATION AND REFLECTION 


A transmission line with a terminating resistor is shown in 
Figure 3-6. As indicated, a positive step function voltage 
travels from left to right. To keep track of reflection polari- 
ties, it is convenient to consider the lower conductor as the 
voltage reference and to think in terms of current flow in the 
top conductor only. The generator is assumed to have zero 
internal impedance. The initial current |4 is determined by V, 
and Zo. 





TL/F/9607-12 
LINE LENGTH = 1 ‘DELAY = T=18 


FIGURE 3-6 


If the terminating resistor matches the line impedance, the 
ratio of voltage to current traveling along the line is matched 
by the ratio of voltage to current which must, by Ohm's law, 
always prevail at Ry. From the viewpoint of the voltage step 
generator, no adjustment of output current is ever required; 
the situation is as though the transmission line never existed 
and Rt has been connected directly across the terminals of 
the generator. 


From the Ry viewpoint, the only thing the line did was delay 
the arrival of the voltage step by the amount of time T. 

When Ry is not equal to Zo, the initial current starting down 
the line is still determined by V1 and Zo but the final steady 


state current, after all reflections have died out, is deter- 
mined by V1 and Ry (ohmic resistance of the line is as- 
sumed to be negligible). The ratio of voltage to current in the 
initial wave is not equal to the ratio of voltage to current 
demanded by Rr. Therefore, at the instant the initial wave 
arrives at Ry, another voltage and current wave must be 
generated so that Ohm’s law is satisfied at the line-load 
interface. This reflected wave, indicated by V,; and I, in Fig- 
ure 3-6, starts to return toward the generator. Applying 
Kirchoff’s laws to the end of the line at the instant the initial 
wave arrives results in the following: 


ji + |; = ly = current into Rr 
Since only one voltage can exist at the end of the line at this 
instant of time, the following is true: 
Vit Vp = Vr 
thus, 


ly = Vr/Rr = (Vy + V)/Rr 


also, 

ly = V4/Zo andl, = —V;/Zo 
with the minus sign indicating that V, is moving toward the 
generator. 
Combining the foregoing relationships algebraically and 
solving for V, yields a simplified expression in terms of V1, 
Zo and Rr. 


The term in parentheses is called the coefficient of reflec- 
tion (p_). With Rt ranging between zero (shorted line) and 
infinity (open line), the coefficient ranges between —1 and 
+1 respectively. The subscript L indicates that p,_ refers to 
the coefficient at the load end of the line. 
This last equation expresses the amount of voltage sent 
back down the line, and since 
then 
VT = V4 (1 + pL) 
Vt can also be determined from an expression which does 
not require the preliminary step of calculating p_. Manipulat- 
ing (1 + p_) results in 
1+ py = 1+ (Rt — Zo)/(Rt + Zo) 
= 2(Rq/(Rt + Zo)) 
Substituting, this gives 
Vr = 2(Rr/(Rt + Zo) V4 
The foregoing has the same form as a simple voltage divid- 
er involving a generator V1 with internal impedance, Zo, 
driving a load Ry, except that the amplitude of V7 is dou- 
bled. 
The arrow indicating the direction of V, in Figure 3-6 correct- 
ly indicates the V,; direction of travel, but the direction of |, 
flow depends on the V,; polarity. If V, is positive, |, flows 
toward the generator, opposing l;. This relationship be- 
tween the polarity of V; and the direction of |, can be de- 
duced by noting that if V,; is positive it is because Ry is 
greater than Zo. In turn, this means that the initial current I, 





is larger than the final quiescent current, dictated by V; and 
Ry. Hence |, must oppose |, to reduce the line current to the 
final quiescent value. Similar reasoning shows that if V; is 
negative, |, flows in the same direction as 14. 


It is somewhat easier to determine the effect of V, on line 
conditions by thinking of it as an independent voltage gener- 
ator in series with Ry. With this concept, the direction of |, is 
immediately apparent; its magnitude, however, is the ratio of 
V, to Zo, i.e., Rr is already accounted for in the magnitude 
of V;. The relationships between incident and reflected sig- 
nals are represented in Figure 3-7 for both cases of mis- 
match between Ry and Zo, 

The incident wave is shown in Figure 3-7a, before it has 
reached the end of the line. In Figure 3-7b, a positive V, is 
returning to the generator. To the left of V, the current is still 
11, flowing to the right, while to the right of V, the net current 
in the line is the difference between I; and Ir. In Figure 3-7c, 
the reflection coefficient is negative, producing a negative 
V,. This, in turn, causes an increase in the amount of current 
flowing to the right behind the V, wave. 


a. Incident Wave 


Vy914-——— 
t<T 


DISTANCE 
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SOURCE IMPEDANCE, MULTIPLE REFLECTIONS 


When a reflected voltage arrives back at the source (gener- 
ator), the reflection coefficient at the source determines the 
response to V,. The coefficient of reflection at the source is 
governed by Zo and the source resistance Rs. 
Ps = (Rs — Zo)/(Rg + Zo) 
lf the source impedance matches the line impedance, a re- 
flected voltage arriving at the source is not reflected back 
toward the load end. Voltage and current on the line are 
stable with the following values. 
Vr =VetV, 

If neither source impedance nor terminating impedance 
matches Zo, multiple reflections occur; the voltage at each 
end of the line comes closer to the final steady state value 
with each succeeding reflection. An example of a line mis- 
matched on both ends is shown in Figure 3-8. The source is 
a step function of Vcc = 5.0V amplitude occurring at time 
tO. The initial value of V; starting down the line is 2.4V due 
to the voltage divider action of Zo and Rs. The time scale in 
the photograph shows that the line delay is approximately 
6 ns. Since neither end of the line is terminated in its char- 
acteristic impedance, multiple reflections occur. 


b. Reflected Wave for Rr > Zo 
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c. Reflected Wave for Ry > Zo 
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FIGURE 3-7. Reflections for Rr = Zo 
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Ps 


FAST OUTPUT 
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FIGURE 3-8. Multiple Reflections Due to Mismatch at Load and Source 


Vo = Vec 
_ (25 = 50)0 _ 


= —0.33 
25 + 50)2 
( ) initially, Vy = 


eEO=g 
Zo +s 


TL/F/9607-17 
= 20 ns/div. 
V = 1V/div. 
The amplitude and persistence of the ringing shown in Fig- 
ure 3-8 become greater with increasing mismatch between 
the line impedance and source and load impedances. The 
difference in amplitude between the first two positive peaks 
observed at the open end is 
Vr — Vt = (1 + pr) Vi — (1 + pL) V1 p2_p2s 
= (1 + pL) V1 (1 — p@_p2s) 

The factor (1 — p2s) is similar to the damping factor associ- 
ated with jumped constant circuitry. It expresses the attenu- 
ation of successive positive or negative peaks of ringing. 


LATTICE DIAGRAM 


In the presence of multiple reflections, keeping track of the 
incremental waves on the line and the net voltage at the 
ends becomes a bookkeeping chore. A convenient and sys- 
tematic method of indicating the conditions which combine 
magnitude, polarity and time utilizes a graphic construction 
called a lattice diagram. A lattice diagram for the line condi- 
tions of Figure 3-8 is shown in Figure 3-9. 


Vv, = 
Oo” (60 + 25) 


— 2¢Vpe = 3.6V 


_ (300 — 50) _ 


a ar 6:74 
500 PL = (300 + 50) 


(3.6V) = 2.4V 


vy 
(14 )=40.67 | p=-0.33 p=+0.71] (1+ p)=41.71 


+ 0,01V 
#3.33V 


TL/F/9607-18 
FIGURE 3-9. Lattice Diagram for the 
Circuit of Figure 3-8 





The vertical lines symbolize discontinuity points, in this case 
the ends of the line. A time scale is marked off on each line 
in increments of 2T, starting at tO for V; and T voltages 
traveling between the ends of the line; solid lines are used 
for positive voltages and dashed lines for transmission mul- 
tipliers p and (1 + p) at each vertical line, and to tabulate 
the incremental and net voltages in columns alongside the 
vertical lines. Both the lattice diagram and the waveform 
photograph show that Vy and V7 asymptomatically ap- 
proach 3.4V, as they must with a 3.4V source driving a light- 
ly loaded line. 


SHORTED LINE 


The open-ended line in Figure 3-8 has a reflection coeffi- 
cient of 0.71 and the successive reflections tend toward the 
steady state conditions of zero line current and a line volt- 
age equal to the source voltage. In contrast, a shorted line 
has a reflection coefficient of — 1 and successive reflections 
must cause the line conditions to approach the steady state 
conditions of zero voltage and a line current determined by 
the source voltage and resistance. 


Shorted line conditions are shown in Figure 3-10a with the 
reflection coefficient at the source end of the line also nega- 
tive. A negative coefficient at both ends of the line means 
that any voltage approaching either end of the line is reflect- 
ed in the opposite polarity. Figure 3-10b shows the re- 
sponse to an input step-function with a duration much long- 
er than the line delay. The initial voltage starting down the 
line is about 2.4V, which is inverted at the shorted end and 
returned toward the source as — 2.4V. Arriving back at the 
source end of the line, this voltage is multiplied by (1 + ps), 
causing a — 1.61V net change in Vj. Concurrently, a reflect- 
ed voltage of +0.80V (—2.4V times ps of —0.33) starts 
back toward the shorted end of the line. The voltage at V; is 


reduced by 50% with each successive round trip of reflec- 
tions, thus leading to the final condition of zero volts on the 
line. 


When the duration of the input pulse is less than the delay 
of the line, the reflections observed at the source end of the 
line constitute a train of negative pulses, as shown in Figure 
3-10c. The amplitude decreases by 50% with each succes- 
sive occurrence as it did in Figure 3-10b. 


SERIES TERMINATION 


Driving an open-ended line through a source resistance 
equal to the line impedance is called series termination. It is 
particularly useful when transmitting signals which originate 
on aPC board and travel through the back-plane to another 
board, with the attendant discontinuities, since reflections 
coming back to the source are absorbed and ringing thereby 
controlled. The amplitude of the initial signal sent down the 
line is only half of the generator voltage, while the voltage at 
the open end of the line is doubled to full amplitude 
(1 + pL = 2). The reflected voltage arriving back at the 
source raises V, to the full amplitude of the generator sig- 
nal. Since the reflection coefficient at the source is zero, no 
further changes occur and the line voltage is equal to the 
generator voltage. Because the initial signal on the line is 
only half the normal signal swing, the loads must be con- 
nected at or near the end of the line to avoid receiving a 2- 
step input signal. 

A TTL output driving a series-terminated line is severely lim- 
ited in its fanout capabilities due to the IR drop associated 
with the collective |), drops of the inputs being driven. For 
most TTL families other than FAST it should not be consid- 
ered since either the input currents are so high (TTL, S, H) 
or the input threshold is very low (LS). In either case the 
noise margins are severely degraded to the point where the 
circuit becomes unusable. In FAST, however, the |), of 
0.6 mA, if sunk through a resistor of 2529 used a series 
terminating resistor, will reduce the low level noise margin 
15 mV for each standard FAST input driven. 
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a. Reflection Coefficients for Shorted Line 


FAST OUTPUT 
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Ps = —0.33 


b, Input Pulse Duration > Line Delay 
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c. Input Pulse Duration < Line Delay 


ee 
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1V/div. 


V= 
H = 20 ns/div. 


FIGURE 3-10. Reflections of Long and Short Pulses on a Shorted Line 


TABLE III-IV. Relative Dielectric 
Constants of Various Materials 


Air 

Polyethylene Foam 
Cellular Polyethylene 
Teflon 

Polyethylene 
Polystyrene 

Nylon 

Silicon Rubber 
Polyvinylchloride (PVC) 
Epoxy Resin 

Delrin 

Epoxy Glass 

Mylar 

Polyurethane 





All the above information on impedance and propagation 
delays are for the circuit interconnect only. The actual im- 
pedance and propagation delays will differ from this by the 
loading effects of gate input and output capacitances, and 
by any connectors that may be in line. The effective imped- 
ance and propagation delay can be determined from the 
following formula: 


Zo 
CL 
Z t= alt + (&) 2 
fe) Co 


é , C 
tpp = vLoCo” -. tpp’ = tpp,/1+ (=) 


where C, is the total of all additional loading. 

The results of these formulas will frequently give effective 
impedances of less than half Zo, and interconnect propaga- 
tion delays greater than the driving device propagation de- 
lays, thus becoming the predominant delay. 
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FIGURE 3-11. Unterminated 


The maximum length for an unterminated line can be deter- 
mined by 

Imax = Tr/2tpg 
and for FAST, t; = 3 ns, So Imax = 
GIO epoxy glass PC. 
The voltage wave propagated down the transmission line (V 
step) is the full output drive of the device into Zo’. Reflec- 
tions will not be a problem if | < Imax. Lines longer than Imax 
will be subject to ringing and reflections and will drive the 
inputs and outputs below ground. 


10 inches for trace on 





RTs = Zo 





Zo 
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FIGURE 3-12. Series-Terminated 


a. RT to Voc 
RT = Zo’ 
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-c. Thevenin Termination 
RT = 220’ 
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Series termination has limited use in TTL interconnect 
schemes due to the voltage drop across RTs in the LOW 
state, reducing noise margins at the receiver. Series termi- 
nation is the ideal termination for highly capacitive memory 
arrays whose DC loadings are minimal. RTs values of 10 
to 509 are normally found in these applications. 


Four possibilities for parallel termination exist: 


A. Zo’ to Voc. This will consume current from Vcc when 
output is LOW; 

B. Zo’ to GND. This will consume current from Voc when 
output is HIGH; 

C. Thevenin equivalent termination. This will consume half 
the current of A and B from the output stage, but will 
have reduced noise margins, and consume current from 
Vcc with outputs HIGH or LOW. If used on a 
TRI-STATE® bus, this will set the quiescent line voltage 
to half. 

D. AC Termination. An RC termination to GND, C = 3tr/Zo. 

This consumes no DC current with outputs in either state. If 

this is used on a TRI-STATE bus, then the quiescent voltage 

on the line can be established at Vcc or GND by a high 
value pull up (down) resistor to the appropriate supply rail. 


b. RT to GND 
RT = Zo’ 
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d. AC Termination to GND 
Rr + Xcr = Zo’ 
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FIGURE 3-13. Parallel Terminated 


suo]]eJapIsuoy ubisag 1SVW4 





FAST Design Considerations 


DECOUPLING 
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FIGURE 3-14. Typical Dynamic Impedance of Unbypassed Vcc Runs 


This diagram shows several schemes for power and ground 
distribution on logic boards. Figure 3-14 is a cross-section, 
with a, b, and c showing a 0.1 inch wide Voc bus and 
ground on the opposite side. Figure 3-14d shows side-by- 
side Voc and ground strips, each 0.04 inch wide. Figure 
3-14e shows a four layer board with embedded power and 
ground planes. 


In Figure 3-14a, the dynamic impedance of Vcc with respect 
to ground is 509, even though the Vcc trace width is gener- 
ous and there is a complete ground plane. In Figure 3-14b, 
the ground plane stops just below the edge of the Vcc bus 
and the dynamic impedance doubles to 1002. In Figure 
3-14c¢, the ground bus is also 0.1 inch wide and runs along 
under the Vcc bus and exhibits a dynamic impedance of 
about 682. In Figure 3-14d, the trace widths and spacing 
are such that the traces can run under a DIP, between two 


Buffer 


rows of pins. The impedance of the power and ground 
planes in Figure 3-14e is typically less than 20. 


These typical dynamic impedances point out why a sudden 
current demand due to an IC output switching can cause a 
momentary reduction in Vcc, unless a bypass capacitor is 
located near the IC. ~ = 


Decoupling capacitors should be used on every PC card, at 
least one for every five to ten standard TTL packages, one 
for every five "LS and ’S packages, one for every three 
FAST packages, and one for every one-shot (monostable), 
line driver and line receiver package. They should be good 
quality rf capacitors of 0.01 uF to 0.1 uF with short leads. It 
is particularly important to place good rf capacitors near se- 
quential (bistable) devices. in addition, a larger capacitor 
(preferably a tantalum capacitor) of 2.0 wF to 20 uF should 
be included on each card. pt 


Buffer Output Sees Net 5029 Load. 
502 Load Line on Io4-VoH Characteristic 
Shows LOW-to-HIGH Step of Approx. 2.5V. 


2.7V 
a 7 
= ' 
0.2V—f 


1 
—~ «= eins 


ey 50 mA 
I 
0 


Worst-Case Octal Drain = 8 X 50 mA = 0.4 Amp. 
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FIGURE 3-15. Icc Drain Due to Line Driving 





This diagram illustrates the sudden demand for current from 
Voc when a buffer output forces a LOW-to-HIGH transition 
into the midpoint of a data bus. The sketch shows a wire- 


over-ground transmission line, but it could also be a twisted: 


pair, flat cable or PC interconnect. 

The buffer output effectively sees two 10002 lines in parallel 
and thus a 502 load. For this value of load impedance, the 
buffer output will force an initial LOW-to-HIGH transition 
from 0.2V to 2.7V in about 3 ns. This net charge of 2.5V into 
a 50 load causes an output-HIGH current change of 50 mA. 
If all eight outputs of an octal buffer switch simultaneously, 
in this application the current demand on Vcc would be 
0.4A. Clearly, a nearby Voc bypass capacitor is needed to 


accommodate this demand. 

Q=CVv 

| = CAV/At 

C = IAt/AV 

At = 3 x 10-9 


1=0.4A 





Bypass Capacitors 
TL/F/9607-30 
FIGURE 3-16. Vcc Bypass Capacitor for Octal Driver 
Specify Voc Droop = 0.1V max. 
0.4 x 3 x 10-9 
C= ——e = 12 1079 = 0.012 uF 
Select Cg = 0.02 pF 


A Vcc bus with bypass capacitors connected periodically 
along its length is shown above. Also shown is a current 
source representing the current demand of the buffer in the 
preceding application. 

The equations illustrate an approximation method of esti- 
mating the size of a bypass capacitor based on the current 
demand, the drop in Vcc that can be tolerated and the 
length of time that the capacitor must supply the charge. 
While the demand is known, the other two parameters must 
be chosen. A Vcc droop of 0.1V will not cause any appre- 
ciable change in performance, while a time duration of 3 ns 
is long enough for other nearby bypass capacitors to help 
supply charge. If the current demand continues over a long 
period of time, charge must be supplied by a very large 
capacitor on the board. This is the reason for the recom- 
mendation that a large capacitor be located where Vcc 
comes onto a board. If the buffers are also located near the 
connector end of the board, the large capacitor helps supply 
charge sooner. 


GROUND COMB 


DESIGN GUIDELINES 


Ground 


A good ground system is essential for a PC card containing 
a large number of packages. The ground can either be a 
good ground bus, or better, a ground plane which, incorpo- 
rated with the Vcc supply, forms a transmission line power 
system. Power transmission systems, which can be at- 
tached to a PC card to give an excellent power system with- 
out the cost of a multilayer PC card, are commercially avail- 
able. Ground loops on or off PC cards are to be avoided 
unless they approximate a ground plane. 

With the advent of FAST, with considerably faster edge 
rates and switching times, proper grounding practice has 
become of primary concern in printed circuit layout. Poor 
circuit grounding layout techniques may result in crosstalk 
and slowed switching rates. This reduces overall circuit per- 
formance and may necessitate costly redesign. Also when 
FAST chips are substituted for standard TTL-designed print- 
ed circuit boards, faster edge rates can cause noise prob- 
lems. The source of these problems can be sorted into 
three categories: 


1. Vcc droop due to faster load capacitance charging; 


2. Coupling via ground paths adjacent to both signal sourc- 
es and loads; and 


3. Crosstalk caused by parallel signal paths. 


Vcc droop can be remedied with better or more bypassing 
to ground. The rule here is to place 0.01 uF capacitors from 
Vcc to ground for every three FAST circuits used, as near 
the IC as possible. The other two problems are not as easily 
corrected, because PC boards, may already be manufac- 
tured and utilized. In this case, simply replacing TTL circuits 
with FAST compatible circuits is not always as easy as it 
may seem, especially on two-sided boards. In this situation 
IC placement is critical at high speeds. Also when designing 
high density circuit layout, a ground-plane layer is imperative 
to provide both a sufficiently low inductance current return 
path and to provide electromagnetic and electrostatic 
shielding thus preventing noise problem 2 and reducing, by 
a large degree, noise problem 3. 


Two-Sided PC Board Layout 


When considering the two-sided PC board, more than one 
ground trace is often found in a parallel or non-parallel con- 
figuration. For this illustration parallel traces tied together at 
one end are shown. This arrangement is referred to as a 
ground comb. The ground comb is placed on one side of the 
PC board while the signal traces are on the other side, thus 
the two-sided circuit board. 
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FIGURE 3-17 
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GROUND COMB 
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FIGURE 3-18 


Figure 3-78 illustrates how noise is generated even though 
there is no apparent means of crosstalk between the cir- 
cuits. If package A has an output which drives package D 
input and package B output drives package C input, there is 
no apparent path for crosstalk since mutual signal traces 


Ground Strip 
Inductance \ \ 


Common 
Tie Point 


are remotely located. What is significant, and must be em- 
phasized here, is that circuit packages A and B accept their 
ground link from the same trace. Hence, circuit A may well 
couple noise to circuit B via the common or shared portion 
of the trace. This is especially true at high switching speeds. 


Strip #2 


Strip #3 
TL/F/9607-33 


FIGURE 3-19. Ground Trace Coupling 





Ground trace noise coupling is illustrated by a model circuit 
in Figure 3-19. With the ground comb configuration, the 
ground strips may be shown to contain distributed induc- 
tance, as is indeed the case. Referring to Figure 3-19 we 
can see that if we switch gate A from HIGH to LOW, the 
current for the transition is drawn from ground strip number 
two. Current flows in the direction indicated by the arrow to 
the common tie point. It can be seen that gate B shares 
ground strip number two with gate A from the point where 
gate B is grounded back to the common tie point. This 
length is represented by L1. When A switches states there 
is a current transient which occurs on the ground strip in the 
positive direction. This current spike is caused by the 
ground strip inductance and it is “felt” by gate B. If gate B is 
in a LOW state (Vo,) the spike will appear on the output 
since gate B’s Vo, level is with reference to ground. Thus if 
gate B's ground reference rises momentarily Vo, will also 
rise. Consequently, if gate B is output to another gate (C in 
the illustration) problems may arise. 


Supply Voltage and Temperature 


The normal supply voltage Vcc for all TTL circuits is +5.0V. 
Commercial grade parts are guaranteed to perform with a 
+10% supply tolerance (+500 mV) over an ambient tem- 
perature range of 0°C. Military grade parts are guaranteed to 
perform with +10% supply tolerance (+500 mV) over an 
ambient temperature range of —55°C to + 125°C. 


The actual junction temperature can be calculated by multi- 
plying the power dissipation of the device with the thermal 
resistance of the package and adding it to the measured 
ambient temperature Ta or package (case) temperature Tc. 
For example, a device in ceramic DIP (@JA 100°C/W) dissi- 
pates typically 145 mW. At +55°C ambient temperature, the 
junction temperature is 


Ty = (0.145 x 100) + 55°C 


Designers should note that localized temperatures can rise 
well above the general ambient in a system enclosure. Ona 
large PC board mounted in a horizontal plane, for example, 
the local temperature surrounding an IC in the middle of the 
board can be quite high due to the heating effect of the 


TL/F/9607-34 


surrounding packages and the very poor natural convection. 
Low velocity forced air cooling is usually sufficient to allevi- 
ate such localized static air conditions. 


Interfacing 


All TTL circuits are compatible, and any TTL output can 
drive a certain number of TTL inputs. There are only subtle 
differences in the worst-case noise immunity when low pow- 
er, standard and Schottky TTL circuits are intermixed. 
Open-collector outputs, however, require a pull-up resistor 
to drive TTL inputs reliably. 


While TTL is the dominating logic family, and many systems 
use TTL exclusively, there are cases where different semi- 
conductor technologies are used in one system, either to 
improve the performance or to lower the cost, size and pow- 
er dissipation. The following explains how TTL circuits can 
interface with ECL, CMOS and discrete transistors. 


Interfacing TTL and ECL—Mixing ECL and TTL logic fami- 
lies offers the design engineer a new level of freedom and 
opens the entire VHF frequency spectrum to the advan- 
tages of digital measurement, control and logic operation. 


The main advantages gained with ECL are high speed, flexi- 
bility, design versatility and transmission line compatibility. 
But application and interfacing cost problems have tradition- 
ally discouraged the use of ECL in many areas, particularly 
in low cost, less sophisticated systems. 


The most practical interfacing method for smaller systems 
involves using a common supply of + 5.0V to + 5.2V. Care 
must be exercised with both logic families when using this 
technique to assure proper bypassing of the power supply 
to prevent any coupling of noise between circuit families. 
When larger systems are operated on a common supply, 
separate power buses to each logic family help prevent 
problems. Otherwise, good high frequency bypassing tech- 
niques are usually sufficient. 

ECL devices have high input impedance with input pull- 
down resistors (> 20 kQ) to the negative supply. In the TTL 
to ECL interface circuits in Figure 3-20, it is assumed that 
the ECL devices have high input impedance. 


TL/F/9607-35 


FIGURE 3-20. TTL-to-ECL Conversion 
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FAST Design Considerations 


All circuits described operate with +5% ECL and +10% 
TTL supply variations, except those with ECL and TTL ona 
common supply. In those cases, the supply can be +10% 
with ECL. All resistors are /%4,W, +5% composition type. 


TTL to ECL conversion is easily accomplished with resis- 
tors, which simultaneously attenuate the TTL signal swing, 
shift the signal levels, and provide low impedance for damp- 
ing and immunity to stray noise pick-up. The resistors 
should be located as near as possible to the ECL circuit for 
optimum effect. The circuits in Figure 3-20 assume an un- 
loaded TTL gate as the standard TTL source. ECL input 
impedance is predominantly capacitive (approximately 
3 pF); the net RC time constant of this capacitance with the 
indicated resistors assures a net propagation delay gov- 
erned primarily by the TTL signal. 


a. Common Power Supply 
+5.2V 
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b. Separate Power Supplies 
+5V 


-5.2V 
TL/F/9607~37 
FIGURE 3-21. ECL-to-TTL Conversion 


When interfacing between high voltage swing TTL logic and 
low voltage swing ECL logic, the more difficult conversion is 
from ECL to TTL. This requires a voltage amplifier to build 
up the 0.8V logic swing to a minimum of 2.5V. The circuits 
shown in Figure 3-21 may be used to interface from ECL to 
TTL. 


The higher speed converters usually have the lowest fan- 
out: only one. or two TTL gates. This fanout can be in- 
creased simply by adding a TTL buffer gate to the output of 
the converter. Another option, where ultimate speed is re- 
quired, is to use additional logic converters. 


Interfacing FAST and CMOS—Due to their wide operating 
voltage range, CMOS devices will function outside of the 
standard +5V +10% supply levels. For our purposes, only 
the case where both the FAST and CMOS devices are con- 
nected to the same voltage source will be considered. 


FAST outputs can sink at least 20 mA in the LOW state. 
This is more than adequate to drive CMOS inputs to a valid 
LOW level. Due to their output designs, though, FAST out- 
puts are unable to pull CMOS inputs to above approximately 
4.0V. If the CMOS device does not have TTL-compatible 
input levels, the FAST output should be pulled with a resis- 
tor to Vcc. The value of this resistor will vary according to 
the system. Factors that affect the selection of the value 
are: edge rate— the smaller the resistor, the faster the edge 
rate; fanout—the smaller the resistor, the greater the fanout; 
and noise margins—the smaller the resistor, the greater the 
output HIGH noise margin and the smaller the output LOW 
noise margin. FAST outputs can directly drive TTL-compati- 
ble CMOS inputs, such as the inputs on ACT or HCT devic- 
es, without pull up registers. 


Most CMOS outputs are capable of directly driving FAST 
inputs. Be aware, though, that TTL inputs have higher !oad- 


ing specifications than CMOS inputs. Care must be taken to 
insure that the CMOS outputs are not overloaded by the 
FAST input loading. 


TTL Driving Transistors—Although high voltage, high cur- 
rent ICs are available, it is sometimes necessary to control 
greater currents or voltages than integrated circuits are ca- 
pable of handling. When this condition arises, a discrete 
transistor with sufficient capacity can be driven from a TTL 
output. Discrete transistors are also used to shift voltages 
from TTL levels to logic levels for which a standard interface 
driver is not available. 


The two circuits of Figure 3-22 show how TTL can drive npn 
transistors. The first circuit is the most efficient but requires 
an open-collector TTL output. The other circuit limits the 
output current from the TTL totem pole output through a 
series resistor. 





Open Collector 
TL 


I> 10 mA 
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FIGURE 3-22, TTL Driving npn Transistors 
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FIGURE 3-23. pnp Transistor Shifting TTL Output 


Shifting a TTL Output to Negative Levels—The circuit of 
Figure 3-23 uses a pnp transistor to shift the TTL output toa 
negative level. When the TTL output is HIGH, the transistor 
is cut off and the output voltage is —Vx. When the TTL 
output is LOW, the transistor conducts and the output volt- 
age is 
Vout = —Vx + Ry/Re (Voc — 2.0V) 

if the transistor is not saturated, or slightly positive if the 
transistor is allowed to saturate. 


High Voltage Drivers—A TTL output can be used to drive 
high voltage, low current loads through the simple, non-in- 
verting circuits shown in Figure 3-24. This can be useful for 
driving gas discharge displays or small relays, where the 
TTL output can handle the current but not the voltage. Load 
current should not exceed Io, (—4 mA). 
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To Other Displays 
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51.6kQ 5.6k0 


TL/F/9607-43 
FIGURE 3-25. Transistors Driving TTL 


3-20 


BD: 
TL/F/9607-41 


FIGURE 3-24. Non-Inverting 
High Voltage Drivers 


TL/F/9607-40 


Transistors Driving TTL—It is sometimes difficult to drive 
the relatively low impedance and narrow voltage range of 
TTL inputs directly from external sources, particularly in a 
rough, electrically noisy environment. The circuits shown in 
Figure 3-25 can handle input signal swings in excess ‘of 
+100V without harming the circuits. The second circuit has 
input RC filter that suppresses noise. Unambiguous TTL 


voltage levels are generated by: the positive feedback 
(Schmitt trigger) connection. 


OPEN COLLECTOR OUTPUTS 


A number of available circuits have no pull-up circuit on the 
outputs. Open collector outputs are used for interfacing or 
for wired-OR (actually wired-AND) functions. The latter is 
achieved by connecting open collector outputs together and 
adding an external pull-up resistor. 


The value of the pull-up resistor is determined by consider- 
ing the fanout of the OR tie and the number of devices in 
the OR tie. The pull-up resistor value is chosen from a range 
between maximum value (established to maintain the re- 
quired Voy with all the OR-tied outputs HIGH) and a mini- 
mum value (established so that the OR tie fanout is not 
exceeded when only one output is LOW). 





MINIMUM AND MAXIMUM PULL-UP RESISTOR VALUES 


5 _ ( Vec(max) ~ Vot ) 
X(MIN) Vo — No(LOW) © 1.6 mA 


R = ( Vecminy — Vou ) 
X(MAX) ™ \Naloy + No(HIGH) © 40 pA 


Rx = External pull-up resistor 
N;, = Number of wired-OR outputs 
Nz = Number of input unit loads being driven 
loH = IcEx = Output HIGH leakage current 
lo. = LOW level fanout current of driving element 
Vot = Output LOW voltage level (0.5V) 
Von = Output HIGH voltage level (2.5V) 
Vcc = Power Supply Voltage 


Example: four ’F524 gate outputs driving four other gates or 
MSI inputs. 
Radin ( 5.5V—-0.5V _ _—5.0V 
8.0mA—2.4mA 5.6mA 
4.5V — 2.5V 2.0V 


— = 18529. 
4¢250 pA + 2°40 nA a) 


) = 8930 


Rx (MAX) = ( 


where: 
Ny, =4 
No(HIGH) = 4°0.5U.L. = 2ULL. 
No(LOW) = 4° 0375 ULL. = 1.5 ULL. 
IoH = 250 pA 
lo. = 8.0 mA 
VoL = 0.5V 
VoH = 2.5V 


Any values of pull-up resistor between 893 and 18520 
can be used. The lower values yield the fastest speeds 
while the higher values yield the lowest power dissipation. 


3-21 


INCREASING FANOUT 


To increase fanout, inputs and outputs of gates on the same 
package may be paralleled to those in a single package to 
avoid large transient supply currents due to different switch- 
ing times of the gates. This is not detrimental to the devices, 
but could cause logic problems if the gates are being used 
as Clock drivers. 


UNUSED INPUTS 


Theoretically, an unconnected input assumes the HIGH log- 
ic level, but practically speaking it is in an undefined logic 
state because it tends to act as an antenna for noise. Only a 
few hundred millivolts of noise may cause the unconnected 
input to go to the logic LOW state. On devices with memory 
(flip-flops, latches, registers, counters), it is particularly im- 
portant to terminate unused inputs (MR, PE, PL, CP) proper- 
ly since a noise spike on these inputs might change the 
contents of the memory. It is a poor design practice to leave 
unused inputs floating. 


If the logic function calls for a LOW input, such as in NOR or 
OR gates, the input can be connected directly to ground. 
For a permanent HIGH signal, unused inputs can be tied 
directly to Vcc. An unused input may also be tied to a used 
input having the same logic function, such as NAND and 
AND gates, provided that the driver can handle the added 
liq. This practice is not recommended for diode-type inputs 
in a noisy environment, since each diode represents a smail 
capacitor and two or more in parallel can act as an entry 
port for negative spikes superimposed on a HIGH level and 
cause momentary turn-off of Q2. 
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54F/74F00 Quad 2-Input NAND Gate 

54F/74F02 Quad 2-Input NOR Gate 

54F/74F04 Hex Inverter 

54F/74F08 Quad 2-Input AND Gate 

54F/74F10 Triple 3-Input NAND Gate 

54F/74F11 Triple 3-Input AND Gate 

54F/74F13 Dual 4-Input NAND Schmitt Trigger 

54F/74F 14 Hex Inverter Schmitt Trigger 

54F/74F20 Dual 4-Input NAND Gate 

54F/74F27 Triple 3-Input NOR Gate 

54F/74F30 8-Input NAND Gate 

54F/74F32 Quad 2-Input OR Gate 

54F/74F37 Quad 2-Input NAND Buffer 

54F/74F38 Quad 2-Input NAND Buffer (Open Collector) 

54F/74F40 Dual 4-Input NAND Buffer 

54F/74F51 2-2-2-3 AND-OR-Invert Gate 

54F/74F64 4-2-3-2-Input AND-OR-Invert Gate 

54F/74F74 Dual D-Type Positive Edge-Triggered Flip-Flop 

54F/74F86 Quad 2-Input Exclusive-OR Gate 

54F/74F109 Dual JK Positive Edge-Triggered Flip-Flop 

54F/74F112 Dual JK Negative Edge-Triggered Flip-Flop 

54F/74F113 Dual JK Negative Edge-Triggered Flip-Flop 

54F/74F114 Dual JK Negative Edge-Triggered Flip-Flop with Common Clocks and Clears ... 
54F/74F125 Quad Buffer (TRI-STATE) 

54F/74F132 Quad 2-Input NAND Schmitt Trigger 

54F/74F138 1-of-8 Decoder/Demultiplexer 

54F/74F139 Dual 1-of-4 Decoder/Demultiplexer 

54F/74F 148 8-Line to 3-Line Priority Encoder 

54F/74F151A 8-Input Multiplexer 

54F/74F153 Dual 4-Input Multiplexer 

54F/74F157A Quad 2-input Multiplexer 

54F/74F158A Quad 2-Input Multiplexer (Inverted) 

54F/74F 160A Synchronous Presettable BCD Decade Counter (Asynchronous Reset) 
54F/74F162A Synchronous Presettable BCD Decade Counter (Synchronous Reset) 
54F/74F161A Synchronous Presettable Binary Counter (Asynchronous Reset) 
54F/74F163A Synchronous Presettable Binary Counter (Synchronous Reset) 
54F/74F164A Serial-In, Parallel-Out Shift Register 

54F/74F168 4-Stage Synchronous Bidirectional Counter 

54F/74F169 4-Stage Synchronous Bidirectional Counter 

54F/74F174 Hex D Flip-Flop with Master Reset 

54F/74F175 Quad D Flip-Flop 

54F/74F181 4-Bit Arithmetic Logic Unit 

54F/74F 182 Carry Lookahead Generator 

54F/74F189 64-Bit Random Access Memory with TRI-STATE Outputs 
54F/74F190 Up/Down Decade Counter with Preset and Ripple Clock 
54F/74F191 Up/Down Binary Counter with Preset and Ripple Clock 
54F/74F 192 Up/Down Decade Counter with Separate Up/Down Clocks 
54F/74F193 Up/Down Binary Counter with Separate Up/Down Clocks 
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54F/74F 194 4-Bit Bidirectional Universal Shift Register 

54F/74F219 64-Bit Random Access Memory with TRI-STATE Outputs 

54F/74F240 Octal Buffer/Line Driver with TRI-STATE Outputs (Inverting) 

54F/74F241 Octal Buffer/Line Driver with TRI-STATE Outputs 

54F/74F244 Octal Buffer/Line Driver with TRI-STATE Outputs 

54F/74F243 Quad Bus Transceiver with TRI-STATE Outputs 

54F/74F245 Octal Bidirectional Transceiver with TRI-STATE Outputs 

54F/74F251A 8-Input Multiplexer with TRI-STATE Outputs 

54F/74F253 Dual 4-Bit Multiplexer with TRI-STATE Outputs 

54F/74F257A Quad 2-Input Multiplexer with TRI-STATE Outputs 

54F/74F258A Quad 2-Input Multiplexer with TRI-STATE Outputs (Inverting) 

54F/74F269 8-Bit Bidirectional Binary Counter 

54F/74F273 Octal D Flip-Flop 

54F/74F280 9-Bit Parity Generator/Checker 

54F/74F283 4-Bit Binary Full Adder with Fast Carry 

54F/74F299 Octal Universal Shift/Storage Register with Common Parallel |/O Pins 

54F/74F322 Octal Serial/Parallel Register with Sign Extend 

54F/74F323 Octal Universal Shift/Storage Register with Synchronous Reset and Common 
1/O Pins 

54F/74F350 4-Bit Shifter with TRI-STATE Outputs 

54F/74F352 Dual 4-Input Multiplexer 

54F/74F353 Dual 4-Input Multiplexer with TRI-STATE Outputs 

54F/74F365 Hex Buffer/Driver with TRI-STATE Outputs 

54F/74F366 Hex Inverter/Buffer with TRI-STATE Outputs 

54F/74F368 Hex Inverter/Buffer with TRI-STATE Outputs 

54F/74F373 Octal Transparent Latch with TRI-STATE Outputs 

54F/74F374 Octal D-Type Flip-Flop with TRI-STATE Outputs 

54F/74F377 Octal D-Type Flip-Flop with Clock Enable 

54F/74F378 Parallel D Register with Enable 

54F/74F379 Quad Parallel Register with Enable 

54F/74F381 4-Bit Arithmetic Logic Unit 

54F/74F382 4-Bit Arithmetic Logic Unit 

54F/74F384 8-Bit Serial/Parallel Twos’ Complement Multiplier 

54F/74F385 Quad Serial Adder/Subtractor 

54F/74F398 Quad 2-Port Register 

54F/74F399 Quad 2-Port Register 

54F/74F401 Cyclic Redundancy Check Generator/Checker 

54F/74F402 Serial Data Polynomial Generator/Checker 

54F/74F 403A 16 x 4 First-In First-Out Buffer Memory 

54F/74F407 Data Access Register 

54F/74F410 Register Stack—16 x 4 RAM TRI-STATE Output Register 

54F/74F412 Multi-Mode Buffered 8-Bit Latch with TRI-STATE Outputs 

54F/74F 413 64 x 4 First-In First-Out Buffer Memory with Parallel 1/O 

54F/74F420 Paralleled Check Bit/Syndrome Bit Generator 

54F/74F432 Multi-Mode Buffered 8-Bit Latch with TRI-STATE Outputs 

54F/74F433 64 x 4 First-In First-Out Buffer Memory 

54F/74F521 8-Bit Identity Comparator 

54F/74F524 8-Bit Registered Comparator 

54F/74F525 16-Bit Programmable Counter 

54F/74F533 Octal Transparent Latch with TRI-STATE Outputs 

54F/74F534 Octal D Flip-Flop with TRI-STATE Outputs 

54F/74F537 1-of-10 Decoder with TRI-STATE Outputs 
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54F/74F538 1-of-8 Decoder with TRI-STATE Outputs 

54F/74F539 Dual 1-of-4 Decoder with TRI-STATE Outputs 

54F/74F540 Octal Buffer/Line Driver with TRI-STATE Outputs (Inverting) 

54F/74F541 Octal Buffer/Line Driver with TRI-STATE Outputs 

54F/74F543 Octal Registered Transceiver 

54F/74F544 Octal Registered Transceiver (Inverting in Both Directions) 

54F/74F545 Octal Bidirectional Transceiver with TRI-STATE Outputs 

54F/74F547 Octal Decoder/Demultiplexer with Address Latches and Acknowledge 

54F/74F548 Octal Decoder/Demultiplexer with Acknowledge 

54F/74F550 Octal Registered Transceiver with Status Flags 

54F/74F551 Octal Registered Transceiver with Status Flags 

54F/74F552 Octal Registered Transceiver with Parity and Flags 

54F/74F563 Octal D-Type Latch with TRI-STATE Outputs 

54F/74F564 Octal D-Type Flip-Flop with TRI-STATE Outputs 

54F/74F568 4-Bit Bidirectional Decade Counter with TRI-STATE Outputs 

54F/74F569 4-Bit Bidirectional Binary Counter with TRI-STATE Outputs 

54F/74F573 Octal D-Type Latch with TRI-STATE Outputs 

54F/74F574 Octal D-Type Flip-Flop with TRI-STATE Outputs 

54F/74F579 8-Bit Bidirectional Binary Counter with TRI-STATE Outputs 

54F/74F582 4-Bit BCD Arithmetic Logic Unit 

54F/74F583 4-Bit BCD Adder 

‘54F/74F588 Octal Bidirectional Transceiver with IEEE-488 Termination Resistors and 
TRI-STATE Inputs/Outputs 

54F/74F620 Inverting Octal Bus Transceiver with TRI-STATE Outputs 

54F/74F623 Inverting Octal Bus Transceiver with TRI-STATE Outputs 

54F/74F632 32-Bit Parallel Error Detection and Correction Circuit 

54F/74F640 Octal Bus Transceiver with TRI-STATE Outputs 

54F/74F643 Octal Bus Transceiver with TRI-STATE Outputs 

54F/74F645 Octal Bus Transceiver with TRI-STATE Outputs 

-54F/74F646 Octal Transceiver/Register with TRI-STATE Outputs 

54F/74F648 Octal Transceiver/Register with TRI-STATE Outputs 

54F/74F651 Octal Transceiver/Register with TRI-STATE Outputs (inverting) 

54F/74F652 Octal Transceiver/Register with TRI-STATE Outputs 

54F/74F657 Octal Bidirectional Transceiver with 8-Bit Parity Generator/Checker and 
TRI-STATE Outputs 

54F/74F673A 16-Bit Serial-In, Serial/ Parallel- Out Shift Register (Common Serial |/O Pin) ... 

54F/74F675A 16-Bit Serial-In, Serial/Parallel-Out Shift Register 

54F/74F676 16-Bit Serial/Parallel-In, Serial-Out Shift Register 

54F/74F779 8-Bit Bidirectional Binary Counter with TRI-STATE Outputs 

54F/74F784 8-Bit Serial/Parallel Multiplier with Adder/Subtractor 

54F/74F794 8-Bit Register with Readback 

54F/74F821 10-Bit D-Type Flip-Flop 

54F/74F823 9-Bit D-Type Flip-Flop 

54F/74F825 8-Bit D-Type Flip-Flop 

54F/74F827 10-Bit Buffer/Line Driver 

54F/74F828 10-Bit Buffer/Line Driver 

54F/74F841 10-Bit Transparent Latch 

54F/74F843 9-Bit Transparent Latch 

54F/74F845 8-Bit Transparent Latch 

54F/74F899 9-Bit Latchable Transceiver with Parity Generator/Checker 

54F/74F968 1 Megabit Dynamic RAM Controller 

54F/74F2241 Octal Buffer/Line Driver with 250 Series Resistors in the Outputs 
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54F/74F2244 Octal Buffer/Line Driver with 2529 Series Resistors in the Outputs 
54F/74F2243 Quad Bus Transceiver with 252 Resistors in the Outputs 
54F/74F2620 Inverting Octal Bus Transceiver with 252 Resistors in the Outputs 
54F/74F2623 Inverting Octal Bus Transceiver with 252 Resistors in the Outputs 
54F/74F2640 Octal Bus Transceiver with 252 Resistors in the Outputs 
54F/74F2643 Octal Bus Transceiver with 252 Resistors in the Outputs 
54F/74F2645 Octal Bus Transceiver with 252 Resistors in the Outputs 

29F52 8-Bit Registered Transceiver 

29F53 8-Bit Registered Transceiver 

29F68 Dynamic RAM Controller 
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54F/74F00 
Quad 2-Input NAND Gate 


General Description Features 
This device contains four independent gates, each of which ™@ Guaranteed 4000V minimum ESD protection 
performs the logic NAND function. 


Ordering Code: see section 5 


Logic Symbol Connection Diagrams 


Pin Assignment Pin Assignment 
lEEE/IEC for DIP, SOIC and Flatpak for LCC 


B, NC Ay NC 09 
es feag ees) 


TL/ - /F/9454- = 
F/9454~3 Th 454-2 As NC 0, NC By 


TL/F/9454-1 


Unit Loading/Fan Out: see Se 2 for U.L. definitions 


a 2) ee 
Description Input tiw/hie 
aici Low Output IoH/IoL 
Inputs 1.0/1.0 20 pA/—0.6 mA 
Outputs 50/33.3 —1mA/20 mA 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Vcc = OV) 

Standard Output 

TRI-STATE® Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


ge 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military —55°C to + 125°C 
Commercial 0°C to + 70°C 
Supply Voltage 
Military + 4.5V to +5.5V 
Commercial +4.5V to +5.5V 


Conditions 


Vin Input HIGH Voltage as ee Recognized as a HIGH Signal 
VIL Input LOW Voltage fr tsi fl Recognized as a LOW Signal 
Input Clamp Diode Voltage te fv a ly = =18mA 


Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 2 
74F 5% Voc 


Output LOW 


loo = —1mA 
lon = 
IOH 


54F 10% Voc 0.5 lo. = 
Voltage 74F 10% Voc 0.5 lo 
20.0 
V; 
Input HIGH Current 100 A 
Breakdown Test 7.0 H 


Input HIGH see 


Output HIGH 

Leakage Current 

Input Leakage 

Test 

Output Leakage 

Circuit Current ie 
Input LOW Current 

Output Short-Circuit Current 


Vout = Vcc 


lip = 1.9 pA 
All other pins grounded 


Viop = 150 mV 
All other pins grounded 


Vin = 0.5V 
Vout = 9V 


= 150 Max 
IocH Power Supply Current 1.9 2.8 Vo = HIGH 
loci Power Supply Current 6.8 10.2 Vo = LOW 





AC Electrical Characteristics: see Section 2 tor Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
ae ae ee = 50 pF 


Ta, Voc = Mil Ta, Voc = Com 
C. = 50 pF C. = 50 pF 


| Min Typ Max | 


Propagation Delay 2.4 
An: By to On 1.5 





ZA National 


Semiconductor 


54F/74F02 
Quad 2-Input NOR Gate 


General Description 


This device contains four independent gates, each of which 
performs the logic NOR function. 


Ordering Code: see Section 5 


Logic Symbol Connection Diagrams 


lEEE/IEC Pin Assignment for 


= DIP, SOIC and Flatpak 


TL/F/9455-3 
TL/F/9455-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description ULL. Input hig/Iie 
HIGH/LOW Output Ion/lot 


Inputs 1.0/1.0 20 pA/—0.6 mA 
On Outputs 50/33.3 —1mA/20 mA 


Pin Assignment 
forLCC 

Ay NC 0 NC By 

[6] 


03 NC Ay NC Bp 
TL/F/9455-1 





Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—-30mAto +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
Vit Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 

Voltage 74F 10% Voc 
74F 5% Voc 

Output LOW 54F 10% Voc 

Voltage 74F 10% Voc 

Input HIGH 

Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


i) 
fo) 


NNN 
Nao 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


54F/74F 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military —55°C to + 125°C 
Commercial 0°C to + 70°C 


Supply Voltage 
Military +4,5V to + 5.5V 
Commercial +4,5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 


te 
eas 
o 
: 
100 


Recognized as a LOW Signal 
lin = —18mA 
lon = —1mA 
lon = —imA 
loo = —1mA 


lol = 20 mA 


0.5 
0. lol = 20mA 


5 


Vin = 2.7V 


> 


Vin = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All other pins grounded 


Viop = 150 mV 
All other pins grounded 


Input LOW Current aes Vin = 0.8V 
Output Short-Circuit Current —60 — 150 | ma | Max | Vout = OV 
ICcH Power Supply Current 3.7 5.6 | mA | Max | Vo = HIGH 


IocL Power Supply Current 8.7 13.0 


Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C,_ = 50 pF 


Tas Vec = Mil Ta, Vec = Com 
C. = 50 pF C. = 50 pF 


Min 


Propagation Delay 2.5 
An, Bn to On 1.5 





ZA National 


Semiconductor 


54F/74F04 
Hex Inverter 


General Description Features 
This device contains six independent gates, each of which & Guaranteed 4000V minimum ESD protection 
performs the logic INVERT function. 


Ordering Code: see Section 5 
Logic Symbol Connection Diagrams 
IEEE/IEC Pin Assignment for Pin Assignment 


DIP, SOIC and Flatpak for LCC 


Ay NC 0, NC Ay 
eieiefeiey) 


O4 NC Ay NC Os 


TL/F/9456-1 


TL/F/9456-2 


Unit Loading/Fan Out: see ee 2 for U.L. definitions 


a, 7. ee 
Description ULL. Input hin/tie 
HIGH/LOW Output Ion/lot 


An Inputs 1.0/1.0 20 pA/—0.6 mA 
On Outputs 50/33.3 —1mA/20 mA 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —58°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 


Standard Output 
TRI-STATE® Output 


Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Parameter 


Input HIGH Voltage 
Input LOW Voltage 
input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


54F 
74F 


54F 
74F 


54F 
74F 


Symbol 


ViH 
Vit 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 74F 
Test 


ICcH 
lect 


54F/74F 


Min 


Typ 


yh ip 

Noo Oo 
29 il 
aon : 
Nh 


noglg 
oO oO 


> 
Ni 
a 


= = = 


10.2 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


loo = —1mA 
loo = —1mA 
lon = —1mA 


lo. = 20 mA 
lo. = 20mA 


VIN = 2.7V 


Vin = 7.0V 


= 
> 


Vout = Vcc 


oO 
o 


lip = 1.9 pA 
All other pins grounded 


Viop = 150 mV 
All other pins grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 
Vo = LOW 


15.3 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
ri ea = 50 pF 


Tas Vec = Mil 
C, = 50 pF 
| Min = Typ Max _—| 
Propagation Delay 2.4 
An to On 





ZNational 


Semiconductor 


54F/74F08 
Quad 2-Input AND Gate 


General Description Features 


This device contains four independent gates, each of which m™ Guaranteed 4000V minimum ESD protection 
performs the logic AND function. 


Ordering Code: see Section 5 


Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC 


By NC A, NC Op 
Bt) 4 


TL/F/9457-3 
TL/F/9457-2 
As NC 0) NC By 


TL/F/9457-1 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 
Description ULL. Input h/t 
HIGH/LOW Output lon/lo. 
An: Bn Inputs 1.0/1.0 20 pA/—0.6 mA 
On Outputs 50/33.3 —1mA/20 mA 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 


—0.5V to +7.0V 
—0.5V to +7.0V 
~30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


twice the rated Io. (mA) 
4000V 


Note 1: Absolute maximum ratings are values beyond which the device may - 


be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage fete | | 
Input LOW Voltage aa ee ee 
input Clamp Diode Voltage te | 


ViH 
Vit 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Output HIGH ce 
Leakage Current 


Output Leakage 
Circuit Current 


Input LOW Current 


0.5 
0.5 
eee 
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Recommended Operating 


Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


~55°C to + 125°C 
°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1MA 
lon = —1mA 
loo = —1mA 
lo. = 20 mA 
lo. = 20 mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C_ = 50 pF 


Ta; Vec = Mil 
C,_ = 50 pF 


Min 


Propagation Delay 3.0 
An, Bn to On 2.5 





7 National 


Semiconductor 


54F/74F10 
Triple 3-Input NAND Gate 


General Description 


This device contains three independent gates, each of 
which performs the logic NAND function. 


Ordering Code: see Section 5 


Logic Symbol Connection Diagrams 


lIEEE/IEC Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


C, NC By NC Ay 
BOE! 


aa 
_ Behe 


TL/F/9458-3 TUEIEISE SA By NC Ap NC Op 


TL/F/9458-1 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 
Description ULL. Input fyA/hy 
HIGH/LOW Output lon/loL 
An: Bn: Cn Inputs 1.0/1.0 20 pA/—0.6 mA 
On Outputs 50/33.3 —1mA/20 mA 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


ang ——f Ef 
areas Te 


VIH 


VIL Input LOW Voltage 


Input Clamp Diode Voltage te | vf 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH ai 
Current 


28 


Input LOW Current 
Output Short-Circuit Current 
ICCH Power Supply Current 


IocL Power Supply Current 


CICS 


Input HIGH Current 100 
Breakdown Test 7.0 

Output HIGH A 
Leakage Current = 20. “ 
Test 

Output Leakage 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—§5°C to + 125°C 
0°C to + 70°C 


+ 4,5V to +5.5V 
+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lo. = 20 mA 


VIN = 2.7V 
VIN = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All other pins grounded 


Viop = 150 mV 
All other pins grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 
Vo = LOW 


—150 








AC Electrical Characteristics: sce section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = + 5.0V 
C. = 50 pF 


Ta; Voc = Mil 
C. = 50 pF 


Propagation Delay 2.4 
An: Bn: Ch to On 1.5 
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ZA National 


Semiconductor 


54F/74F 11 
Triple 3-Input AND Gate 


General Description 


This device contains three independent gates, each of 
which performs the logic AND function. 


Ordering Code: see Section 5 


Logic Symbol Connection Diagrams 


Pin Assignment for Pin Assignment 
IEEE/IEC DIP, SOIC and Flatpak for LCC 


C, NC By NC Ay 
Be) 4 


TL/F/9459-2 
By NC Ay NC Oy 


TL/F/9459~1 


TL/F/9459-3 


Unit Loading/Fan Out: see ee L. definitions 


a ae 74F 


Description Input Ia/hie 
CLOW Output lon/lor 
a Bn Cy Inputs 1.0/1.0 20 pA/—0.6 mA 
Outputs 50/33.3 —1mA/20 mA 





4-21 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature ~—65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


VIH 


Vit Input LOW Voltage 


input Clamp Diode Voltage a ee 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


54F 
74F 


on 


2.5 
2.5 
2.7 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH A 
Leakage Current : 
Input Leakage 74F 4.75 Vv 
Test 

Output Leakage A 
nce See Current : 


| InputLOWCurrent = LOW Current 


Output Short-Circuit Current eee ae 
Power Supply Current 4.1 6.2 | oma | Max | 
Power Supply Current 6.5 9.7 | ma | Max | 


as a | vat | 8 | 


ae Se 
aS 75 Es 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
log = —1mA 


lol = 20mA 
lo. = 20mA 


. VIN = 2.7V 


Vin = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All other pins grounded 


Viop = 150 mV 
All other pins grounded 


Vin = 0.5V 
Vout = 0V 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


ee 7 eae ee ee a ee 


Ta = +25°C 
Vcc = +5.0V 
C, = 50 pF 


















Ta; Vec = Mil 
C, = 50 pF 


Tas Vec = Com 
Cy, = 50 pF 






Parameter 


Propagation Delay 
An, Bn, Cn to On 


Symbol 
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Lb 





7ZNational 


Semiconductor 


54F/74F 13 


Dual 4-Input NAND Schmit Trigger 


General Description 


The ’F13 contains two 4-input NAND gates which accept 
standard TTL input signals and provide standard TTL output 
levels. They are capable of transforming slowly changing 
input signals into sharply defined, jitter-free output signals. 
In addition, they have a greater noise margin than conven- 
tional NAND gates. 

Each circuit contains a 4-input Schmitt trigger followed by 
level shifting circuitry and a standard FAST® output struc- 


Ordering Code: see Sections 
Logic Symbol 


IEEE/IEC 


| 
| 


TL/F/9460-3 


Pin Assignment 
for DIP, SOIC and Flatpak 


ture. The Schmitt trigger uses positive feedback to effective- 
ly speed-up slow input transitions, and provide different in- 
put threshold voltages for positive- and negative-going tran- 
sitions. This hysteresis between the positive-going and neg- 
ative-going input threshold (typically 800 mV) is determined 
by resistor ratios and is essentially insensitive to tempera- 
ture and supply voltage variations. 


Features 
m Guaranteed 4000V minimum ESD protection 


Connection Diagrams 
Pin Assignment 
for LCC 


Dy NC Cy NC NC 
BOE 


J 
4 15) fe (7) 


TL/F/9460-1 C, NC NC NC By 


TL/F/9460-2 


Unit Loading/Fan Out: See Section 2 for U.L. definitions 
| ar7aE 


Description Input hH/lb 
ree Output lon/loL 


or Bn: Ch, Dn 


Function Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 


X = Immaterial 


20 pA/—0.6 mA 


Inputs 1.0/1.0 
Outputs 50/33.3 


—1mA/20 mA 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature . —65°C to + 150°C 
Ambient Temperature under Bias —§5°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Voc = OV) 

Standard Output 

TRI-STATE® Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter dlls Vec 
Min Typ Max 


| Negative-GoingThreshoid | a7 tet |v | 80 | 

[ HysteresisVre-Vr-) | os | 80 

| InputClamp Diode Votage | m2 |v | Min | 
2.5 


VT+ 
Vr 
AVT 
Vcb 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


VoH 


Output LOW 
Voltage 


VoL 
NH 
IBvI 
IcEX 
Vip 


4F 
4F 
4F 
4F 
Output HIGH 54F 
Leakage Current 74F 
4F 
4F 


tie 


75 
—60 


Output Short-Circuit Current 
Power Supply Current 
Power Supply Current 


ICCH 
loci 


= 
os 


Input HIGH 5 20.0 A 
Current 7 5.0 Me 
input HIGH Current 5 100 A 
Breakdown Test 7 7.0 ae 


Test 
Output Leakage 


input LOW Current J = 0.6 | ma 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


Conditions 


lin = —18mA 


loo = —1mMA 
lon = —1mA 
lon = —1 mA 
20 mA 
20 mA 


= 2.7V 


Vv 


lot 
lot 


VIN 


Vin = 7.0V 


250 
50 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C ae 3 
Parameter Vec = +5.0V bs Moe r ieee 50 = e 
C. = 50 pF Sore Lee 
| min Typ Max | Min Max | Min Max 


Propagation Delay 5.0 é 3.0 : 4.5 12.0 
An: Bn: Cp: Dp to On 9.5 i 8.5 i 9.5 18.5 
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Za National 


Semiconductor 


54F/74F 14 
Hex Inverter Schmitt Trigger 


General Description 

The ’F14 contains six logic inverters which accept standard 
TTL input signals and provide standard TTL output levels. 
They are capable of transforming slowly changing input sig- 
nals into sharply defined, jitter-free output signals. In addi- 
tion, they have a greater noise margin than conventional 
inverters. 

Each circuit contains a Schmitt trigger followed by a Darling- 
ton level shifter and a phase splitter driving a TTL totem- 
pole output. The Schmitt trigger uses positive feed back to 


Ordering Code: see Sections 


Logic Symbol 


IEEE/IEC 


TL/F/9461-3 


Pin Assignment 
DIP, SOIC and Flatpak 


effectively speed-up slow input transition, and provide differ- 
ent input threshold voltages for positive and negative-going 
transitions. This hysteresis between the positive-going and 
negative-going input thresholds (typically 800 mV) is deter- 
mined internally by resistor ratios and is essentially insensi- 
tive to temperature and supply voltage variations. 


Features 
m Guaranteed 4000V minimum ESD protection 


Connection Diagrams 


Pin Assignment 
for LCC 
lp NC 0, NC ly 
[6] 


04 NC I, NC Og 
TL/F/9461-2 


TL/F/9461-1 


Unit Loading/Fan Outi: See Section 2 for U.L. definitions 


Description U.L. Input Iyy/Ii 
HIGH/LOW Output lon/lot 

Input 1.0/1.0 20 pA/—0.6 mA 

Output 50/33.3 —1mA/20 mA 


HIGH Voltage Level 


H= 
L = LOW Voltage Level 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


~0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Positive-Going Threshold 
Negative-Going Threshold 


VT+ 
Va= 
AVT 


Hysteresis (V7 +—-VtT_) 


Vop 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Vcc 
74F 10% Voc 


Vou 


Output LOW 
Voltage 


hw Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


VoL 


IBvi 


Icex 


Vip Input Leakage 


Test 


Output Leakage 

Circuit Current 
Wie Input LOW Current 

Output Short-Circuit Current 
ICCH Power Supply Current 


locL Power Supply Current 


MN Ain ain on 
& fA; AR RER AK 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


54F/74F 


Conditions 


Input Clamp Diode Voltage 


lo. = 20mA 
VIN = 2.7V 


= 
> 


Vin = 7.0V 


: 
> 


Vout = Vcc 


OT 
Oo 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 0V 
Vo = HIGH 
Vo = LOW 


N 
oi 
3 3 
> > 


n 
a 
3 

> 


= = 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


a 
. Ta = +25°C aia 
Parameter Voc = +5.0V i pac = be 
C, = 50 pF eed 3 


Propagation Delay 4.0 
In —> On 3.5 
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ZA National 


Semiconductor 


54F/74F20 
Dual 4-Input NAND Gate 


General Description 


This device contains two independent gates, each of which 
performs the logic NAND function. 


Ordering Code: see Sections 


Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 


for DIP, SOIC and Flatpak for LCC 


Dy NC Cy NC NC 
7) 4) 


14 15) 19) 7 £8) 


TL/F/9462-2 C NC NC NC B, 


TL/F/9462-1 


TL/F/9462-3 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 
Description U.L. Input N/A 
HIGH/LOW Output Ion/loL 
An; Bn, Cp; Dn Inputs 1.0/1.0 20 pA/—0.6 mA 
On Outputs 50/33.3 —1mA/20 mA 
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Absolute Maximum Ratings (note 1) 
if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


VIH 
ViL 


Output HIGH 
Voltage 


54F 10% Vcc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


54F 
74F 


Input Leakage 
Test 


Output Leakage 

Circuit Current 

Input LOW Current 

Output Short-Circuit Current 
ICCH Power Supply Current 


loct Power Supply Current 


54F/74F 
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Recommended Operating 


Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4,.5V to + 5.5V 
+4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signa! 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mA 
= 20mA 
20 mA 


= 2.7V 


Vin = 7.0V 


Vout = Voc 
lip = 1.9 pA 
All other pins grounded 


Viop = 150 mV 
All other pins grounded 


Vin = 0.5V 
Vout = 9V 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
Cy, = 50 pF 


Ta: Voc = Mil 
C, = 50 pF 


Propagation Delay 
An: Ba; Cr, Dn to On 
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Semiconductor 


ZA National 


54F/74F27 
Triple 3-Input NOR Gate 


General Description 


This device contains three independent gates, each of 
which performs the logic NOR function. 


Ordering Code: see Sections 


Logic Symbol Connection Diagrams 


Pin Assignment for Pin Assignment 
IEEE/IEC DIP, SOIC and Flatpak for LCC 


Ay NC B, NC C, 
AOA 


HEE 


TL/F/9539-2 Bs NC As NC 0, 


TL/F/9539-3 
TL/F/9539~1 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 
54F/74F 
Description ULL. Input tyy/lie 
HIGH/LOW Output Io/loL 
An Bn; Ch Data Inputs 1.0/1.0 20 pA/ —0.6 mA ; 
On Data Outputs 50/33.3 —1mA/20 mA | 
Function Table 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 

_ Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 

Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial! 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4,.5V to + 5.5V 


—0.5V to +7.0V 
—0.5V to +7.0V 
-—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics © 


Symbol . Parameter : BSP LIAE Vcc 
Min Typ © Max 


Vin ___| input HIGH Voltage ee ee 
Yu___| input Low Vottage {owe |v 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1 mA 
lon = —1mMA 
lon = —1 mA 


= 20mA 


Veo__| IinputClampdiodevotage | =. | Min | 
2.5 


Vou Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 2.5 
74F 5% Voc 


VoL 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 


2.7 
0.5 
0.5 


A Max 


20 mA 
2.7V 


lin Input HIGH Current 54F 20.0 
74F 5.0 ‘ 


IBvI Input HIGH Current 54F 
Breakdown Test 74F 


ICEX Output HIGH 54F 
Leakage Current 74F 


Max | VIN = 7.0V 


Vout = Vcc 


Input Leakage 74F lp = 1.9 pA 
Test : All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 0V 
IocH Vo = HIGH 
loc : Vo = LOW 


Output Leakage 


Circuit Current a 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta; Vec = Mil 
- = 50 pF 


Parameter Vcc = +5.0V 


Propagation ja 


a ee = 50 pF 
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ZANational 
Semiconductor 


54F/74F30 | 
8-Input NAND Gate 


General Description 


This device contains a single gate, which performs the logic 
NAND function. 


Ordering Code: see section 5 
Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 
for DIP, Flatpak and SOIC for LCC 


Ay NC Ay NC As 
BOE 


(4 
TL/F/9560-4 TEE ese NC NC Ay NC Ag 


TL/F/9560-2 


Unit Loading/Fan Out: see eee 2 for U.L. Definitions 


a, 7. ae 
Pin Names Description ULL. Input Iya/Iie 
HIGH/LOW Output Iox/loL 


Ao-A7 Inputs 1.0/1.0 20 pA/—0.6 mA 
(e) Output 50/33.3 —1mA/20 mA 


Function Table 


pnts | Outpt 
ao At Ae At ae as at ar] 3_| 


x< 
x 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


ik KKK KKK 
iK KK KK KET XK 
xt K KKK KK XK 
mt K KK KT KK XK 
mick KK KKK 
rlK MOK KKK 
iK OTK KKK XK 
xmimr-uK*K KKK KX 
rire rrre.Tt 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —58°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current timit is sufficient to protect inputs. 


~0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Input HIGH Voltage 2.0 


Vin 
Vit 


Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 
74F 5% Voc 


54F 10% Vcc 
74F 10% Voc 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


NO 
> hf 
af 


54F 
74F 


54F 
74F 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW Current 
Output Short-Circuit Current 


IocH Power Supply Current 


n 
N 
> 


loc. Power Supply Current 


Symbol Parameter Eee 


input LOW Voltage re 


ae 
° 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
o°c to + 70°C 


+4.5V to +5.5V 
+4,.5V to +5.5V 


Conditions 


Vv Recognized as a HIGH Signal 
Recognized as a LOW Signal 


lin = —18MA 


| 

oh 
no 
< 


loo = —1mA 
lon = —1mMA 
log = —1mA 


lol = 20mA 
lo. = 20 mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 
Vo = LOW 


ss 
ina 
ra 
vis 
pv | om | 
pos | me 
pom | ne 
pos | oe 
pv | oo | 
i 
ri 


a 


bh 





AC Electrical Characteristics: see Section 2 for Waveforms and Load ae 


Ta = +25°C 


Parameter Vee = +5.0V Ta» Vcc = Mil 


— = 50 pF 
Min | Min Typ) Max | 


Propagation Delay 1.0 
A, toO 1.5 
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ZA National 


Semiconductor 


54F/74F32 
Quad 2-Input OR Gate 


General Description Features 


This device contains four independent gates, each of which ™ Guaranteed 4000V minimum ESD protection 
performs the logic OR function. 


Ordering Code: see Section 5 


Logic Symbol Connection Diagrams: 


IEEE/IEC Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


B, NC Ay NC Op 
Ana 


TL/F/9463-3 i 
TL/F/9463-2 Az NC 0) NC By 


TL/F/9463-1 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


HIGH/LOW Output Ion/lot 
On Outputs 50/33.3 —1mA/20 mA 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) 
ESD Last Passing Voltage (Min) 


Note 1: Absolute maximum ratings are values beyond which the device may 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


twice the rated Io, (mA) 


be damaged or have its useful life impaired. Functional operation under 


these conditions is not implied. 
Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Parameter 


ate 


Min 
VIH 
Vit 
Veo 
VOH 


Input HIGH Voltage 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Output LOW 
Voltage 


Input HIGH 
Current 


he | InputLOWCurrent = LOW Current 


Output Short-Circuit Current ee ete ee 
Power Supply Current 6.1 9.2 | mA | Max | 
Power Supply Current 10.3 15.5 | mA | Max | 


IocH 
IocL 


4000V . 


54F/74F 


Typ 


input LOW Voltage Sc 
Input Clamp Diode Voltage es ee 


Input HIGH Current 54F 100 ch 
Breakdown Test 74F 7.0 M 
Output HIGH 54F 250 A 
Leakage Current 74F 50 p 
Test 

Output Leakage A 
oe Current B 
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Recommended Operating 
Conditions | 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
"OC to + 70°C 


+4,.5V to +5.5V 
+4.5V to +5.5V 


. Conditions 
Max 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
‘lon = —1mA 
lon = —1mA 
lo. = 20mA 
lo. = 20 mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


| Max | Vin = 0.5V 
Vout = 0V 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C. = 50 pF 
Min Typ 


Propagation Delay 3.0 
An: Bn to Opn 3.0 


Tas Voc = Mil Tas Vec = Com 
C_ = 50 pF 
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ZANational 


Semiconductor 


54F/74F37 3 
Quad Two-Input NAND Buffer 


General Description 


This device contains four independent gates, each of which 
performs the logic NAND function. 


Ordering Code: see Section 5 
Logic Symbol Connection Diagrams 


IEEE/iEC Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC 


By NC Ay NC Op 
BOAR! 


TL/F/9464-3 5] 
TL/F/9464—1 = 
Az NC 02 NC Bo 


TL/F/9464-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description ULL. Input liq/hiL 
HIGH/LOW Output lon/lo. 
Inputs 1.0/2.0 20 pA/—1.2 mA 
O; Outputs 600/ 106.6 (80) —12 mA/64 mA (48 mA) 


Function Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


~—0.5V to + 7.0V 
—0.5V to + 7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Input HIGH Voltage 


Vi 
ViL 


Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 

Voltage 54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Vou 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


54F 
74F 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW Current 
Output Short-Circuit Current 


Nie 
los 
locH Power Supply Current 


locL Power Supply Current 


Input LOW Voltage ws 


0.55 
0.55 


~—100 —225 
33.0 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mMA 


-—3mA 
lon = —12mA 
lon = —3mA 
lon = —15mA 
lon = —3mMA 


lo. = 48 mA 
lo. = 64mA 


Vin = 2.7V 


loH = 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 0V 
Vo = HIGH 
Vo = LOW 


a 
we 
2] ov _| Min | 
ela 
Par al 
| mA _| Max | 
0 | mA _| Max | 
| mA | Max | 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
CL = 50 pF 


Min Typ Max 


Propagation Delay 2.0 3.2 5.5 
An: By to On 1.5 2.4 4.5 


Ta; Voc = Mil 
CL = 50 pF 
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ZANational | 


Semiconductor 


54F/74F38 | 
Quad Two-Input NAND Buffer » 
(Open Collector) 


General Description 


This device contains four independent gates, each of which 
performs the logic NAND function. The open-collector out- 
puts require external pull-up resistors for proper logical op- 
eration. 


Ordering Code: see Sections 
Logic Symbol Connection Diagrams 


lEEE/IEC Pin Assignment Pin Assignment - 
: for DIP, SOIC and Flatpak for LCC 


By NC Ay NC Op 
_ SOO 


TL/F/9465-3 
TL/F/9465-1 te 
: As NC 0p NC By 


TL/F/9465-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Pin Names Description 
HIGH/LOW Output Ion/loL 
On Outputs C*/106.6 (80) OC*/64 mA (48 mA) 


“OC = Open Collector 


Function Table 





H = HIGH Voltage Level 
L = LOW Voltage Level 
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Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 58°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Voc = OV) 

Standard Output 

TRI-STATE® Output 
Current Applied to Output 

in LOW State (Max) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. . 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


Min 
ViH 
Vit 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voitage 


Output LOW - 54F 10% Voc 
"| Voltage ~ 74F 10% Voc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Vcop 


VoL 
NH 
IBvI 


Vip Input Leakage 


Test ai 


Output Leakage 
Circuit Current 
Input LOW Current 


Open Collector, Output 
OFF Leakage Test 


Power Supply Current 


74F 


loHc 


locH 


IocL Power Supply Current 


twice the rated Io, (mA) 


54F/74F 


26.0 30.0 


4-46 


Recommended Operating 
Conditions - 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+4,.5V to +5.5V 


Vec Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lo. = 48 mA 
lo. = 64mA 


Vin = 2.7V 
Vin = 7.0V 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = Vcc 


Vo = HIGH 


mA Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
An; Bn to On 


Ta; Vec = Mil 


Vee = +5.0V GS eage 


CL = es 


6.5 : F 6.5 ; 6.5 
1.0 . : 1.0 : 1.0 
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ZA National | 


Semiconductor 


54F/74F40 — | 
Dual 4-Input NAND Buffer 


General Description 


This device contains two independent gates, each of which 
performs the logic NAND function. 


Ordering Code: see sections 


Logic Symbol Connection Diagrams 


Pin Assignment Pin Assignment 
IEEE/IEC for DIP, SOIC and Flatpak for LCC 


Dp NC Cy NC NC 
HOA 


TL/F/9466-1 C; NC NC NC B, 
TL/F/9466-2 


a 1 rs ° 
LA 
(4) G5) fe) (7) fe) 


TL/F/9466-3 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 
Description ULL. Input Wi/Aie 
HIGH/LOW Output Ion/lot 
An, Bn: Ch, Dr Inputs 1.0/2.0 20 pA/—1.2 mA 
On Outputs 600/106.6 (80) | —12mA/64 mA (48 mA) 


Function Table 


> 
Oo 


xrIKxK KE 


x= 


IGH Voltage Level 
OW Voltage Level 
= Immaterial 


Ul 
a 


H 
L 
x 
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Absolute Maximum Rating§ (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —§5°C to + 175°C 
Vcc Pin Potential to 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


~58°C to + 125°C 
o°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 


Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 
Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


Input HIGH Voltage f 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 

Voltage 54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Vi 
Vit 


Output LOW 
Voitage 


Input HIGH 54F 
Current 74F 
4F 


Input HIGH Current 5 
Breakdown Test 74F 
5 


Output High 4F 


Leakage Current 74F 


Power Supply Current 


Power Supply Current 13.0 17.0 


54F/74F 
Min Typ Max 


1.6 
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Ve Conditions 


QO 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 

lon = —3mA 

lon = ~12mA 

lon = —3mA 

lon = —15mA 

lon = —3MA 


lo. = 48mA 
lo. = 64 mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 0V 
Vo = HIGH 
Vo = LOW 


250 
50 
Test 
Output Leakage 
Input LOW Current 
Output Short-Circuit Current —100 —225 


pA 


mA 
mA 


Ma 


x 


4.0 mA 


ZS = = 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C - 
Parameter Voc = +5.0V aoe ae 2 
a a ee = 50 pF L P 
| Min Typ Max 
2.0 
1.5 


Propagation Delay 
An: Ba; Cn, Dy to On 
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ZA National 


Semiconductor 


54F/74F51 
2-2-2-3 AND-OR-Invert Gate 


General Description 


This device contains two independent logic units, one per- 
forming a 2-2 AND-OR-INVERT and the other performing a 
3-3 AND-OR-INVERT function. 

Ordering Code: see Sections 


Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC 


=1 
D,; NC C; NC By 
(5) [5] 
= <7 C} 
= a8 .8 
TL/F/9468-2 Ey NC Fy NC By 
' TL/F/9468-1 


TL/F/9468-4 


Unit Loading/Fan Out: see section 2 for U.L. definitions 


54F/74F 
Description ULL. Input yH/ti 
HIGH/LOW Output Ion/Iot 
An: Brn: Cr Dns Ens Fr Inputs 1.0/1.0 20 pA/-—0.6 mA 
fe) Outputs 50/33.3 —1mA/20 mA 


Function Table for 2-Input Gates 


H H X xX X [: 
xX xX xX H H H L 
All other combinations 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Voc = OV) 

Standard Output 

TRI-STATE® Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


input HIGH Voltage eee 
Input LOW Voltage J 8 | 


Vi 
Vit 


Input Clamp Diode Voltage er ee 


Output HIGH 
Voltage 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 


54F 10% Voc 
74F 10% Voc 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


al 


Input Leakage 
Test 


Output Leakage 

Circuit Current 

Input LOW Current 

Output Short-Circuit Current 
IocH Power Supply Current 


ICCL Power Supply Current 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


~—55°C to + 125°C 
o°C to +70°C 


+ 4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
IN = ~18mA 


lon = —1mA 
lon = —1mMA 
lon = —1mA 


lo. = 20 mA 
lo. = 20 mA 


Vin = 2.7V 


VIN = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All other pins grounded 


Viop = 150 mV 
All other pins grounded 


Vin = 0.5V 
Vout = 0V 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


7 es ee 
Ta = +25°C _ 5 
Parameter Vec = +5.0V ue an - ur ee prea 
C. = 50pF L p L Pp 
1.5 6.5 


Propagation Delay 2.0 3.7 6.0 
An: Bn: Cr; Drs En: Fn to On 1.0 2.6 4.0 
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44 National 


Semiconductor 


54F/74F64 
4-2-3-2-Input AND-OR-Invert Gate 


General Description 


This device contains gates configured to perform a 4-2-3-2 
input AND-OR-INVERT function. 


Ordering Code: see Section 5 


Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


B, NC Ay NC Bp 
ESA SETI 


anor (4) (5) 
F/9467-2 
As NC Dp NC Cy 


TL/F/9467—-1 


TL/F/9467-3 


Unit Loading/Fan Out: see a 2 for U.L. Definitions 


a ae 74F 
Description ULL. Input hy/Ie 
HIGH/LOW Output Ion/lot 


Am Br: Crs Dr 1.0/1.0 20 pA/—0.6 mA 
ro) 50/33.3 —1mA/20 mA 





4-54 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature ~65°C to + 150°C 
Ambient Temperature under Bias —§5°C to + 125°C 
Junction Temperature under Bias —§5°C to +175°C 
Voc Pin Potential to 


Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to + 5.0 mA 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated IoL (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 





Recommended Operating 


Conditions 
Free Air Ambient Temperature 
Military — 55°C to + 125°C 
Commercial 0°C to + 70°C 
Supply Voltage 
Military +4.5V to +5.5V 
Commercial +4.5V to +5.5V 


Conditions 


Vin Input HIGH Voltage pete tat Recognized as a HIGH Signal 
Vit Input LOW Voltage SEE Recognized as a LOW Signal 
Voo__|_ Input Clamp Diode Voltage pnt LV ly = =18 mA 
Vou Output HIGH 54F 10% Voc loo = —1mMA 

Voltage 74F 10% Voc 2 lon = —1mA 

74F 5% Voc lon = —1mA 

Vot Output LOW 54F 10% Voc lol = 20mA 

Voltage 74F 10% Voc lo. = 20mA 
hy Input HIGH 20.0 Vin = 2.7V 

Current 5.0 
levi Input HIGH Current 100 Vin = 7.0V 

Breakdown Test 7.0 
Icex Output High A Vout = Vcc 

Leakage Current ee # 
Vip Input Leakage Vv lip = 1.9 pA 

Test All Other Pins Grounded 
lop Output Leakage 3.75 A Viop = 150 mV 

Circuit Current f All Other Pins Grounded 
In__| Input LOW Current | 08 | mA | Max | Vy = 0.5V 
los | Output Shor-Cireut Current Poeos 160 | ma Max il vous S00 
ICCH Power Supply Current 1.9 2.8 | ma | Max | Vo = HIGH 
loct Power Supply Current 3.1 4.7 | mA | Max | Vo = LOW 
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Veco = +5.0V 
a errs = 50 pF 


Min | Min Typ Max _| 


Ta, Vcc = Mil Ta, Voc = Com 
oa = 50 pF C._ = 50 pF 


Propagation Delay 2.5 
An: Bn: Cp: Op to O 1.5 
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Fy National 


Semiconductor 


54F/74F74 
Dual D-Type Positive Edge-Triggered Flip-Flop 


General Description 


The ’F74 is a dual D-type flip-flop with Direct Clear and Set 
inputs and complementary (Q, Q) outputs. Information at the 
input is transferred to the outputs on the positive edge of 
the clock pulse. Clock triggering occurs at a voltage level of 
the clock pulse and is not directly related to the transition 
time of the positive-going pulse. After the Clock Pulse input 
threshold voltage has been passed, the Data input is locked 
out and information present will not be transferred to the 
outputs until the next rising edge of the Clock Pulse input. 


Ordering Code: see sections 
Logic Symbols 


TL/F/9469-3 


IEEE/IEC 


TL/F/9469-6 


Asynchronous Inputs: 
LOW input to Sp sets Q to HIGH level 
LOW input to Cp sets Q to LOW level 
Clear and Set are independent of clock 
Simultaneous LOW on Cp and Sp 
makes both Q and Q HIGH 


Features 


@ Guaranteed 4000V minimum ESD protection 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC, and Flatpak 


TL/F/9469-4 


TL/F/9469-1 


Pin Assignment 
for LCC 


Q NC Spy NC CP, 
(8} 7) (6) (5) (4) 


TL/F/9469-2 





4-57 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description UL. Input hya/Ti. 
HIGH/LOW | Output lon/loL 


Dy, Do Data Inputs 1.0/1.0 20 pA/—0.6 mA 
CP 1, CPo Clock Pulse Inputs (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
Cp; Cpe Direct Clear Inputs (Active LOW) 1.0/3.0 20 pA/—1.8 mA 
Sp1, Spe Direct Set Inputs (Active LOW) 1.0/3.0 20 pA/—1.8 mA 
Qy,Qy, Qo, | Outputs 50/33.3 —1mA/20 mA 


Truth Table 


H (h) = HIGH Voltage Level 

L () = LOW Voltage Level 

X = Immaterial 

Qo = Previous Q (Q) before LOW-to-HIGH Clock Transition 


Lower case letters indicate the state of the referenced input or output one 
setup time prior to the LOW-to-HIGH clock transition. 


L H 
H L 
L L 
H H 
H H 
‘-H H 


Logic Diagram 


TL/F/9469-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 


Office/Distributors for availability and specifications. 
Storage Temperature 

Ambient Temperature under Bias 
Junction Temperature under Bias 


— 55°C to 


— 65°C to + 150°C 
—§5°C to + 125°C 


Military 
Commer 


+175°C Military 


cial 


Supply Voltage 


Commercial 


—58°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to + 7.0V 
—0.5V to + 7.0V 
—30 mAto +5.0mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vi 
ViL 


Vcb 


Output HIGH 
Voltage 


54F 10% Vcc 
74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH rd 
Current 


Vou 2.5 
BS 
VoL 
liq 


IBvi 


IcEx 


Output HIGH 
Leakage Current a 
lop Output Leakage 74 
Circuit Current 


—1.8 


Output Short-Circuit Current —60 —150 


jen Se 


Input HIGH Voltage 
Input LOW Voltage a — 


0.5 
0.5 
Input HIGH Current 100 
Breakdown Test 7.0 
ete 
Vip Input Leakage 74 475 
Test : 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mMA 


lon = —i1mA 
lon = —1mA 
lon = —1mA 


lo. = 20mA 
lo. = 20mA 


pe 0 Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vin = 0.5V 


Vout = 0V 


Power Supply Current ae Se: 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C _ 
Parameter Veco = +5.0V sb ae ; “ 
CL = 50 pF L P 
Min Typ Max | Min Max | Min Max_| 


Maximum Glock Frequency | 100 125 ps0 | 00 | Me 


Propagation Delay 3.8 5.3 6.8 3.8 8.5 3.8 7.8 
CPy to Qn or Qn 4.4 6.2 8.0 4.4 10.5 4. 9.2 
7. 


4 
Propagation Delay 3.2 4.6 6.1 3.2 8.0 3.2 
Con Or Spn to Q, or OQ, 3.5 7.0 9.0 3.5 11.5 3.5 ; 


AC Operating Requirements: see Section 2 for Waveforms 


Parameter Tas 1206 Ta; Vcc = Mil Tas Vcc = Com . 
: 2.0 


Setup Time, HIGH or LOW 
Dy to CP, 


Hold Time, HIGH or LOW 
Dry to CP, 


3.0 
: A 1.0 
: : 1.0. 
CP, Pulse Width ; . 4.0 
‘HIGH or LOW : : 5.0 


‘ Cyn or Spn Pulse Width 
LOW. 


Recovery Time 
Cpn or Spr to CP 
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Za National 


Semiconductor 


54F/74F86 | 
2-Input Exclusive-OR Gate 


General Description 


This device contains four independent gates, each of which 
performs the logic exclusive-OR function. 


Ordering Code: see Sections 
Logic Symbol Connection Diagrams 


IEEE/IEC Pin Assignment for Pin Assignment 


DIP, SOIC and Flatpak for LCC 
B, NC A, NC Op 
(6) &) 
2 
0, 2 
03 * 


TL/F/9470-3 f) 
TL/F/9470-2 
As NC 0, NC Bp 


TL/F/9470-1 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


a 
HIGH/LOW Output Ion/loL 
On Outputs §0/33.3 —1mA/20 mA . 
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Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 58°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Vin Input HIGH Voltage 


ae 74F 


Recommended Operating 


Conditions 
Free Air Ambient Temperature 
Military —55°C to + 125°C 
Commercial 0°C to +70°C 
Supply Voltage 
Military .+4.5V to + 5.5V 
Commercial +4.5V to +5.5V 


Conditions 


aitiing ~~ |S PEE A Recognized as a HIGH Signal 


VIL Input LOW Voltage aaa oe Recognized as a LOW Signal 
Input Clamp Diode Voltage pte |v | i | ly = =18mA 


Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


lon = —1mA 
lon = —1mA 
lon = —1mA 


lo. = 20mA — 
lo. = 20 mA 


Input HIGH 54F 7 

Input HIGH Current aE 100 a 
Output HIGH if 
Leakage Current OUT cc 


Input Leakage 

Test 

Output Leakage 

Circuit Current 

Input LOW Current 

Output Short-Circuit Current 


ICCH Power Supply Current 
loc. Power Supply Current 


lip = 1.9 pA 
All other pins grounded 


Viop = 150 mV 
All other pins grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 tor Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C. = 50 pF 


Propagation Delay 
An: Bp to On 
(Other Input LOW) 
Propagation Delay 
An; Bp to O7 
(Other Input HIGH) 
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109 


ZANational | 


Semiconductor 


54F/74F 109 
Dual JK Positive Edge-Triggered Flip-Flop 


General Description 

The 'F109 consists of two high-speed, completely indepen- 
dent transition clocked JK flip-flops. The clocking operation 
is independent of rise and fall times of the clock waveform. 
The JK design allows operation as a D flip-flop (refer to ’F74 
data sheet) by connecting the J and K inputs. 


Ordering Code: see Sections 
Logic Symbois 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9471-3 


. TL/F/9471-4 


IEEE/IEC 


TL/F/9471-6 


Asynchronous Inputs: : 
LOW input to Sp sets Q to HIGH level 
LOW input to Cp sets Q to LOW level 
Clear and Set are independent of clock 
- Simultaneous LOW on Cp and Sp makes both Q and Q 
HIGH 


Features 
@ Guaranteed 4000V minimum ESD protection. 


Connection Diagrams 


Pin Assignment 
for LCC 
Qs Spy NC OP; Ky 
6) (3) 


eypayeyes 
SpaCP2NC Ky Jp 


TL/F/9471-1 TL/F/9471-2 
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60l 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


‘Description ULL. Input ha/lie 
HIGH/LOW | Output IoH/loL 


J1, Ja, Ky, Ko Data Inputs 1.0/1.0 20 pA/-0.6 mA 
‘CP, CPo Clock Pulse Inputs (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
Cp1, Cpe Direct Clear Inputs (Active LOW) 1.0/3.0 20 pA/—1.8 mA 
Sp1, Sp2 Direct Set Inputs (Active LOW) 1.0/3.0 20 pA/-—1.8mA 
Q1, Q2,Q;,Q_2 | Outputs 50/33.3 —1mA/20 mA 


Truth Table 


<xs-sa-—-fueMK KIO 


H (h) = HIGH Voltage Level 

L (l) = LOW Voltage Level 

~~ = LOW-to-HIGH Transition 

X = Immaterial 

Qo (Qo) = Before LOW-to-HIGH Transition of Clock 

Lower case letters indicate the state of the referenced output one setup time 
prior to the LOW-to-HIGH clock transition. 


ra RA ees Bees Ge A de eee 
PN VMs 





TL/F/9471~5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. . 


Storage Temperature 
Ambient Temperature under Bias 
Junction Temperature under Bias 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 


—55°C to + 125°C 
—55°C to +175°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0 mA 


—65°C to + 150°C. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Standard Output 
TRI-STATE® Output 
Current Applied to Output 

in LOW State (Max) 


—0.5V to Voc 
—0.5V to + 5.5V 


twice the rated Io, (mA) 


ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current fimit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage 
Input LOW Voltage 


Vi 
ViL 
Vcop 
VOH 
VoL 
IH 
IBvI 


Icex 


Vip 


lie 


54F/74F 


= =[= 
eae eas 
ere a 


input Clamp Diode Voltage |____ mt |v i | 


Output HIGH 


Voltage 





Output LOW 
Voltage 


54F 10% Voc 
74F 10% Vcc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Input HIGH 54F A 
Current 74F b 
Input HIGH Current ps 100 pA 
Breakdown Test 7.0 


Output HIGH 
Leakage Current 


3 : ee ee 


Input Leakage 
Test 
lop Output Leakage 
Circuit Current 
—1 8 


Output Short-Circuit Current ee es a 
Power Supply Current 11.7 17.0 | mA | Max | 
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Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mMA 


lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 
Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (Jn; Kn) 
Vin = 0.5V (Con, Spn) 


Vout = OV 
CP = OV 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C, = 50 pF 


Ta; Vec = Mil 
C, = 50 pF 


| Min typ Max | Min Max _| Min Max 
MaximumCiock Frequency | 100125 | 60 |g 


Propagation Delay 3.8 5.3 7.0 3.8 9.0 3.8 8.0 
CP, to Q, or Qn 4.4 6.2 8.0 4.4 10.5 4.4 9.2 


Propagation Delay 
Qn or Qn 


5.2 
7.0 


Ta = +25°C 


Parameter Veo = +5.0V 


Setup Time, HIGH or LOW 
Jn or K, to CP, 


Hold Time, HIGH or LOW 
Jn or Ky to CP, 

CP, Pulse Width 

HIGH or LOW 


Cpn or Spp Pulse Width, 
LOW 


Recovery Time 
Cpn or Spp to CP 
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112 


ZA National 


Semiconductor 


54F/74F 112 | 
Dual JK Negative Edge-Triggered Flip-Flop 


General Description 

The 'F112 contains two independent, high-speed JK flip- | Asynchronous Inputs: 

flops with Direct Set and Clear inputs. Synchronous state LOW input to Sp sets Q to HIGH level 
changes are initiated by the falling edge of the clock. Trig- LOW input to Cp sets Q to LOW level 
gering occurs at a voltage level of the clock and is not di- Clear and Set are independent of clock 
rectly related to the transition time. The J and K inputs can Simultaneous LOW on Cp and Sp makes both Q 
change when the clock is in either state without affecting and Q HIGH 

the flip-flop, provided that they are in the desired state dur-- 

ing the recommended setup and hold times relative to the 

falling edge of the clock. A LOW signal on Sp or Cp pre- 

vents clocking and forces Q or Q HIGH, respectively. Simul- ° 

taneous LOW signals on Sp and Cp force both Q and Q 

HIGH. 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9472-3 TL/F/9472-4 


IEEE/IEC 
TL/F/9472-1 


Pin Assignment for LCC 
Q, Q NC Spy J 
(6} (5) (4) 


TL/F/9472-6 


TL/F/9472-2 
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Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 
Pin Names Description ULL. Input ta/Iit. 
HIGH/LOW Output Io#/loL 


J, Ja, Ky, Ko Data Inputs 1.0/1.0 20 pA/—0.6 mA 


CP,, CP. Clock Pulse Inputs (Active Falling Edge) 1.0/4.0 20 pA/—-2.4mA 
Cp1, Cpe Direct Clear inputs (Active LOW) 1.0/5.0 20 pA/—3.0 mA 
Sp1, Sp2 Direct Set Inputs (Active LOW) 1.0/5.0 20 pA/—3.0 mA 
Q}, Qe, Q;, Qe Outputs 50/33.3 —1mA/20 mA 





Truth Table 


H(h) = HIGH Voltage Level 

Lil) = LOW Voltage Level 

X = Immaterial 

™. = HIGH-to-LOW Clock Transition 

Qo(Go) = Before HIGH-to-LOW Transition of Clock 


Lower case letters indicate the state of the referenced input or output one 
setup time prior to the HIGH-to-LOW clock transition. 


TL/F/9472-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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cLE 


112 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 


please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias ~—55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 

Input Current (Note 2) 

Voltage Applied to Output 
in HIGH State (with Voc = 
Standard Output 
TRI-STATE® Output 


Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 
Note 1: Absolute maximum ratings are values beyond which the device may 


be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30mAto +5.0mA 


OV) 
—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


Vi 
Vit 
Vcp 


Vou Output HIGH 54F 10% Voc 
74F 10% Voc 2 


74F 5% Voc 


54F 10% Voc 
-74F 10% Voc 


Voltage 





Output LOW 
Voltage 


liq Input HIGH 
Current 


Input HIGH Current 


Vor 


IBvi 
Breakdown Test 


IceEx Output HIGH 


Leakage Current 


Vip Input Leakage 


Test 


Input LOW Current 





Output Short-Circuit Current | -60 = 150 | mA_| Max | 
Power Supply Current 12 19 | ma | Max | 
Power Supply Current | 219 |_| Max | 


a =| om | ee 


Input HIGH Voltage Fen 
input LOW Voltage re see 
Input Clamp Diode Voltage pte |v | 


0.5 
0.5 

100 
7.0 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 126°C 
0°c to + 70°C 


+4.5V to +5.5V 
+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mMA 
loo = —1mMA 


lo. = 20mA 
lol = 20mA 


ae 


Vin = 2.7V 
Vin = 7.0V 


Vout = Vec 


1.9 pA 


lip = 1. 
a All other pins grounded 
Output Leakage 
Circuit Current - 


Viop = 150 mV 
All other pins grounded 


Vin = 0.5V (Jn; Kn) 
Vin = 0.5V (CP,) 
Vin = 9.5V (Con, Spn) 


Vout = OV 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C _ 
Parameter Voc = +5.0V _ <<. sf 
C, = 50 pF L P 


Maximum Glock Frequency | 85 105 es a ee 
Propagation Delay 2.0 5.0 6.5 2.0 7.6 
CP, to Q, or Qn 2.0 5.0 6.5 2.0 7.5 
Propagation Delay 2.0 4.5 6.5 2.0 7.5 
Con: Spn to Qn, Qn 2.0 4.5 6.5 2.0 7.5 


AC Operating Requirements: see Section 2 for Waveforms 


eae 
Ta = +25°C Rare 2. 
ee Veco = +5.0V cre 


Setup Time, HIGH or LOW 4.0 5.0 
Jn Or Ky to CP, 3.0 3.5 
Hold Time, HIGH or LOW 
Jn or Ky to CP, 
CP Pulse Width 4.5 
HIGH or LOW 4.5 

Pulse Width, LOW 

Con or Spn 





Recovery Time 4.0 
Spn: Con to CP : 
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ohh 


113 


ZA National 


Semiconductor 


54F/74F 113 


Dual JK Negative Edge-Triggered Flip-Flop 


General Description 


The ’F113 offers individual J, K, Set and Clock inputs. When 
the clock goes HIGH the inputs are enabled and data may 
be entered. The logic level of the J and K inputs may be 


Asynchronous input: 
LOW input to Sp sets Q to HIGH level 
Set is independent of clock 


changed when the clock pulse is HIGH and the flip-flop will 
perform according to the Truth Table as long as minimum 
setup and hold times are observed. Input data is transferred 
to the outputs on the falling edge of the clock pulse. 


Ordering Code: see Sections 


Connection Diagrams 


Logic Symbols 


Pin Assignment 
for LCC 
Qy NC Sp NC Jy 
fel 3) 


Pin Assignment for 


IEEE/IEC _ DIP, SOIC and Flatpak 


1 te 
Sp NC Jo NC Ko 


TL/F/9473-2 


TL/F/9473-1 


TL/F/9473-3 TL/F/9473-4 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 
Description ULL. Input Ijy/ti 
HIGH/LOW | Output lon/loL 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Clock Pulse Inputs (Acitve Falling Edge) 1.0/4.0 20 pA/—2.4 mA 
Direct Set Inputs (Active LOW) 1.0/5.0 20 pA/—3.0 mA 
Outputs 50/33.3 —1mA/20 mA 


Pin Names 


Jy, Ja, Ky, Ke 
CPy, CP2 
Sp1,Sp2 
Qy, Qe, Qi, Qo 
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Truth Table 


H(h) = HIGH Voltage Level 

L(t) = LOW Voltage level 

“X = HIGH-to-LOW Clock Transition 

X = Immaterial 

Qo (Qo) = Before HIGH-to-LOW Transition of 
Clock 


Lower case letters indicate the state of the referenced input or output prior 
to the HIGH-to-LOW clock transition. 


TL/F/9473-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias ~ 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage 


Input LOW Voltage _ 
Input Clamp Diode Voltage 


.Min 
Vin 
VIL 


Output HIGH 54F 10% Voc 


74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 54F 
Current 74F 
Input HIGH Current 54F 
Breakdown Test 74F 
Output HIGH 54F 
Leakage Current 4F 
74F 

4F 


Voltage 
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Input Leakage 

Test 

Output Leakage 7 
Circuit Current 


Input LOW Current 





loZH 


loz 
los 
loc 


—60 


54F/74F . 


Typ 


NPN 

“Noo 
or 
oO 


“I 
oO 


12 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 56°C to + 125°C 
0°C to + 70°C 


+4,.5V to +5.5V 
+4.5V to +5.5V 


Conditions 
ax 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mA 


| 
= 
ine) 


loo = —1mA 
lon = —1mMA 
loo = —1 mA 


lo. = 20 mA 
lo. = 20mA 
Vin = 2.7V 
Vin = 7.0V 


Vout = Vcc 


oa 
Oo 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


VIN = 0.5V (Jp; Kn) 
Vin = 0.5V (CP,) 
Vin = 0.5V (Spn) 


Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 


Qa 
(2) 


3 


=e /E = = = = 


= 


x 





AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
Cy. = 50 pF 


Tas Vec = Mil 
C. = 50 pF 


Min Typ Max 
Maximum Clock Frequency | 85105 es ee 
: : 7.0 


Propagation Delay 2.0 4.0 ee 
CP, to Q, or OQ, 2.0 4.0 
Propagation Delay 2.0 4 . 

Spn to Q, or Qn 2.0 


AC Operating Requirements: see Section 2 for Waveforms 


a 


Ta = +25°C 


b 
Symbol Parameter Veo = +5.0V 


Tas Vec = Mil Tas Vec = Com 


Setup Time, HIGH or LOW 
Jn or Ky to CP, 

Hold Time, HIGH or LOW 
Jn or Ky, to CP, 

CP, Pulse Width 

HIGH or LOW 


Spn Pulse Width, LOW 


Spn to CP, 
Recovery Time 
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elt 


ZA National 


Semiconductor 


54F/74F114 


Dual JK Negative Edge-Triggered Flip-Flop 
with Common Clocks and Clears 


General Description 


The ’F114 contains two high-speed JK flip-flops with com- 
mon Clock and Clear inputs. Synchronous state changes 
are initiated by the falling edge of the clock. Triggering oc- 
curs at a voltage level of the clock and is not directly related 
to the transition time. The J and K inputs can change when 
the clock is in either state without affecting the flip-flop, pro- 
vided that they are in the desired state during the recom- 
mended setup and hold times relative to the falling edge of 
the clock. A LOW signal on Sp or Cp prevents clocking and 
forces Q or Q HIGH, respectively. Simultaneous LOW sig- 
nals on Sp and Cp force both Q and Q HIGH. 


Ordering Code: see Section 5 
Logic Symbols 


Pin Assignment © 
for DIP, SOIC and Flatpak 


TL/F/9474-3 


IEEE/IEC 


TL/F/9474-5 


Asynchronous Inputs: 
LOW input to Sp sets Q to HIGH level 
LOW input to Cp sets Q to LOW level 
Clear and Set are independent of Clock 
Simultaneous LOW on Cp and Sp 
makes both Q and Q HIGH 


Connection Diagrams 


Pin Assignment — 
for LCC 
Qy NC Spy NC yy 
(6) (5] 


a 
8 te 7 
Sp NC Jy NC Ky 


TL/F/9474-1 


TL/F/9474-2 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Pin Names Description ULL. Input hia/ie 
HIGH/LOW | Output lon/loL 


J4, Ja, K1, Ko Data Inputs 1.0/1.0 20 pA/—0.6 mA 


CP Clock Pulse Input (Active Falling Edge) 1.0/8.0 20 pA/—-4.8 mA 
Cp Direct Clear Input (Active LOW) 1.0/10.0 20 pA/—6.0 mA 
Sp1,Spe2 Direct Set Inputs (Active LOW) 1.0/5.0 20 pA/—3.0 mA 
Q;, Q2,Q;,Q2 | Outputs 50/33.3 —1mA/20 mA 


Truth Table 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

“XS = HIGH-to-LOW Clock Transition 

Qo (Qo) = Before HIGH-to-LOW Transition of Clock 


Lower case letters indicate the state of the referenced input or output one setup time prior to the HIGH-to-LOW clock transition. 


Logic Diagram (one halt shown) 


TL/F/9474-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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114 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 


Office/Distributors for availability and specifications. 
Storage Temperature 

Ambient Temperature under Bias 
Junction Temperature under Bias 


—65°C to + 150°C 
—55°C to + 125°C 
—55°C to + 175°C 


Military 


Military 


Commercial 
Supply Voltage 


Commercial 


—55°C to + 125°C 
O°C to + 70°C 


+ 4.5V to + 5.5V 
+ 4.5V to +5.5V 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 


Current Applied to Output 

in LOW State (Max) twice the rated lo, (mA) 
Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
~0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


lt Input HIGH 
Current 

Ipvt Input HIGH Current 
Breakdown Test 

Output High 

Leakage Current ae 


Input Leakage 
Test 

Output Leakage 
Circuit Current 


Input LOW Current 


Vcp 
VoH 


Voltage 





VoL 


IcEX 


Vip 





Output Short-Circuit Current 
Power Supply Current 
Power Supply Current iene Ot 


ICCH 
Ioct 


54F/74F 


nd pr 
NO 
N 
° 
= = = = 
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Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1imA 


lo. = 20 mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (Jp, Kn) 
Vin = 0.5V (Spn) 
Vin = 0.5V (CP) 
Vin = 0.5V (Con) 


Vout = 0V 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C — wm = 
Parameter Vcc = +5.0V - es ae ae ae 50 ae 
C, = 50 pF ~ E ‘ . 


Maximum Clock Frequency a _ |e | 


Propagation Delay 7.5 
CP to Q, or Qn, 8.5 
Propagation Delay 7.5 
Con or Spn to Qn or Qn ie fe 7.5 


AC Operating a See Section 2 for Waveforms 


Ta = +25°C 


an = +50V Ta, Vcc = Mil Tas Vcc = Com 


Symbol parameter 


Setup Time, HIGH or LOW 
Jn OF Ky to CP 


Hold Time, HIGH or LOW 
Jn or Ky to CP 


Con Or Spn Pulse Width, 
LOW 


Recovery Time 
Son Con: to CP 


4. a 5.0 
3.0 3.5 
CP Pulse Width 4.5 
HIGH or LOW 4.5 
pas f wm 
peo fw 
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PLL 


125 


ZA National 


Semiconductor 


54F/74F125 
Quad Buffer (TRI-STATE®) 


Features 
m High impedance base inputs for reduced loading 


Ordering Code: see sections 


Logic Symbol | Connection Diagrams 


Pin Assignment Pin Assignment 
IEEE/IEC for DIP, SOIC and Flatpak for LCC 


B, NC Ay NC Op 
BORE 


5) 
Ay NC 0 NC B, 
TL/F/9475-2 


TL/F/9475~4 TL/F/9475-1 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 
Description ULL. Input h/t 
HIGH/LOW Output lon/lo. 





An: Bn Inputs 1.0/0.033 20 pA/—20 pA 
On Outputs 600/106.6 (80) | —12mA/64 mA (48 mA) 


Function Table 


High Voltage Level 
LOW Voltage Level 
High Impedance 
Immaterial 


xNO-T 
woud og 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature. ~—65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —§8°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
~—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter 


ViH 
Vit 
Vcp 
VoH 


Input Clamp Diode Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


Output HIGH 
Voltage 2.0 
2.4 
2.0 
2.7 


2.0 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 
Output Leakage Current 


10ZH 
loz 
los 


Output HIGH Leakage Current 
Buss Drainage Test 


ICEX 
Izz 

ICCH 
loc 
Iccz 


54F/74F 
Min Typ Max 
Input HIGH Voltage 
input LOW Voltage ewes Oe 
2.4 





0.55 
0.55 


Output Leakage Current aaa 
Output Short-Circuit Current —100 —225 


Power Supply Current 18.5 24.0 
Power Supply Current 31.7 40.0 
Power Supply Current 27.6 35.0 mA 
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20 

50 
—5 
25 

50 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 126°C 
0°C to + 70°C 


+ 4.5V to +5.5V 
+ 4.5V to +5.5V 


Ve Conditions 


Q 


Recognized as a HIGH Signal 


Vv 
V 
Vv 


Recognized as a LOW Signal 
In = —18mA 

lon = —3mA 

lon = —12mA 

lon = —3mMA 

lon = —12mA 

lon = —3MA 

loH = —15MA 

lo. = 48 mA 

lo = 64 mA 


VIN = 2.7V 
Vin = 7.0V 


< 


—20.0 Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = Vcc 
Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


0 
.0 


0 
0. 


< 


Vv 
pA 
pA 

5 pA 

pA 

0 pA 
m. 

0 pA 

0 pA 
. mM. 
A m. 


A 
A 
A 


Max 





Sch 


125 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


- Ta = +25°C 
Parameter Voc = +5.0V 
| Min Typ Max | 


Propagation Delay 
Output Enable Time 
Output Disable Time 
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ZA National 


Semiconductor 


54F/74F 132 


Quad 2-Input NAND Schmitt Trigger 


General Description 


The ’F132 contains four 2-input NAND gates which accept 
standard TTL input signals and provide standard TTL output 
levels. They are capable of transforming slowly changing 
input signals into sharply defined, jitter-free output signals. 
In addition, they have a greater noise margin than conven- 
tional NAND gates. 


Ordering Code: see Sections 


Logic Symbol 


IEEE/IEC 


TL/F/9477-3 


Pin Assignment for 
DIP, SOIC and Flatpak 


Each circuit contains a 2-input Schmitt trigger followed by 
level shifting circuitry and a standard FAST® output struc- 
ture. The Schmitt trigger uses positive feedback to effective- 
ly speed-up slow input transitions, and provide different in- 
put threshold voltages for positive and negative-going tran- 
sitions. This hysteresis between the positive-going and neg- 
ative-going input threshold (typically 800 mV) is determined 
by resistor ratios and is essentially insensitive to tempera- 
ture and supply voltage variations. 


Guaranteed 4000V minimum ESD protection 


Connection Diagrams 
Pin Assignment 
for LCC 


By NC Ay NC Oo 
Se ee 


TU/F/9477-1 
: . a ie ars 


TL/F/9477-2 


Unit Loading/Fan Out: eee Section 2 for U.L. definitions 


| aE74F 


Description Input WH/tie 
Hicniiaw Output Ion/loL 


A Bn Inputs 1.0/1.0 20 pA/—0.6 mA 
Outputs 50/33.3 —1mA/20 mA 





Function Table 


= HIGH Voltage Level 
= LOW Veltage Level 
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cel 





132 


Absolute Maximum Ratings (note 1) 


tf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55§°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) . 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
_ =0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


VT+ ' Positive-going Threshold 
Vr- Negative-going Threshold 
AVT Hysteresis (V7 + — V7-) 


54F/74F 


Recommended Operating 
Conditions 7 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+ 4.5V to +5.5V 


Conditions 


ye ae 


Yoo __| Input Clamp Diode Vottage oa ell vee iN = —18mA 


Vou Output HIGH 
Voltage - 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


VoL Output LOW 
Voltage 


NH 


Ipvi Input HIGH Current 
Breakdown Test oe 


IcEX Output HIGH 54F 
Leakage Current 74F 


Input Leakage 
Test 


| inputLowCurrent = LOW Current 


Output Short Circuit Current a eee 
loon __|_Power Supply Current pot. | ma | Max 





lon = —1mA 
loo = —1 mA 
lon = —imA 


lo. = 20mA 
lo = 20mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


150 mV 


Output Leakage Viop = 
Circuit ar ae All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 


loc__| Power Supply Current p80 | ma_| Max | Vo = LOW 





AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


es 7 
Ta = +25°C = 
Parameter Vec = +5.0V ibs ae ee 
| Min Typ Max | Min = Max | Min Max_| 


Propagation Delay 4.0 2.0 3.5 12.0 
An, Bn to On 5.0 4.5 5.0 13.0 
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Zeb 


GA National 


Semiconductor 


54F/74F 138 


1-of-8 Decoder/Demultiplexer 


General Description 


The ’F138 is a high-speed 1-of-8 decoder/demultiplexer. 
This device is ideally suited for high-speed bipolar memory 
chip select address decoding. The multiple input enables 
allow parallel expansion to a 1-of-24 decoder using just 
three ’F138 devices or a 1-of-32 decoder using four 'F138 
devices and one inverter. 


Ordering Code: see Section 5 
Logic Symbols 


Features 

= Demultiplexing capability 

@ Multiple input enable for easy expansion 

m Active LOW mutually exclusive outputs 

@ Guaranteed 4000V minimum ESD protection 


Connection Diagrams 


Pin Assignment for DIP, Pin Assignment 
SOIC and Flatpak for LCc 


1 
2 
3 
4 
5 
6 
7 
8 


TL/F/9478-6 


i) 
0, 03 NC 0, 0, 
TL/F/9478-1 
TL/F/9478-2 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 
Description ULL. Input Iyy/ty. 
HIGH/LOW | Output Ioy/loL 


Address Inputs 1.0/1.0 
Enable Inputs (Active LOW) 1.0/1.0 
Enable Input (Active HIGH) 1.0/1.0 
Outputs (Active LOW) 50/33.3 


20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 
—1mA/20 mA 





Functional Description 


The 'F138 high-speed 1-of-8 decoder/demultiplexer ac- 
cepts three binary weighted inputs (Ap, Ay, Az) and, when 
enabled,.provides eight mutually exclusive active LOW out- 
puts (O9-O7). The 'F138 features three Enable inputs, two 
active LOW (E;, Eo) and one active HIGH (E3). All outputs 
will be HIGH unless E, and Ep are LOW and Ez is HIGH. 
This multiple enable function allows easy parallel expansion 


Truth Table 


of the device to a 1-of-32 (5 lines to 32 lines) decoder with 
just four F138 devices and one inverter (See Figure 7). The 
*F138 can be used as an 8-output demultiplexer by using 
one of the active LOW Enable inputs as the data input and 
the other Enable inputs as strobes. The Enable inputs which 
are not used must be permanently tied to their appropriate 
active HIGH or active LOW state. 


Ol 
i=) 
i) 
Ol 
LX) 
Ol 
wo 
O| 
pS 
O| 
oa 
O} 
o 
Ol 
ks 


“rere oereeoe KIX 


H 
X 
X 
L 
L 
L 
L 
L 
L 
L 
L 


=rrrrrmrrire-x.~x 
Irmrerogwuriwur%Xxx.~x 
Trreretrieexx~x 
Trrtrrereee <x 
mmirtirirrirecg3gi3rc. 
es es sea aes in OA eds as wb Cl 


c- 


H = HIGH Voltage Level 
L = LOW Voltage Level 
' X = Immaterial 


Logic Diagram 


Ag Ay Ay 
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2 a ee 








TL/F/9478-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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138 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —68°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to +175°C 
Voc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Voc = OV) 

Standard Output 

TRI-STATE® Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


(—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 


DC Electrical Characteristics 


Input HIGH Voltage ee 


Vi 
ViL 


Input LOW Voltage 


Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 
74F 5% Voc 


54F 10% Vcc 
74F 10% Voc 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW Current 

Output Short-Circuit Current 
Power Supply Current 
Power Supply Current 


—0.5V to +5.5V 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin =.—18mA 


lon = —1mA 
lon = —1mA 
log = —1mA 


lo. = 20 mA 
lo. = 20mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 0V 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 


Ta, Vec = Mi 
Parameter Voc = +5.0V Are 


CL = 50 pF 


Propagation Delay 
An to On 


Propagation Delay 
E; or Eo to0, 3.0 5.3 7.0 3.0 8.0 3.0 
4.0 6.2 8.0 4.0 12.5 4.0 


Propagation Delay 


FIGURE 1. Expansion to 1-of-32 Decoding 
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TL/F/9478-5 
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139 


ZA National 


Semiconductor 


54F/74F139 


Dual 1-of-4 Decoder/Demultiplexer 


General Description 


The ’F139 is a high-speed, dual 1-of-4 decoder/demultiplex- 
er. The device has two independent decoders, each accept- 
ing two inputs and providing four mutually exclusive active 
LOW outputs. Each decoder has an active LOW Enable in- 
put which can be used as a data input for a 4-output demul- 
tiplexer. Each half of the ’F139 can be used as a function 
generator providing all four minterms of two variables. 


Ordering Code: see Section 5 


Logic Symbols 


Ag Ay Ag Ay 


DECODER a DECODER b 


TL/F/9479-3 TL/F/9479-4 


IEEE/IEC 


TL/F/9479-7 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


Features 


g Multifunction capability 


™ Two completely independent 1-of-4 decoders 
@ Active LOW mutually exclusive outputs 
mw Guaranteed 4000V minimum ESD protection 


Connection Diagrams 


_ Pin Assignment 
DIP, SOIC and Flatpak 


On OO Fe WwW DH 


TL/F/9479-1 
Pin Assignment 
for LCC 
Or, 01g NC Oog Ata 
(6) [5] 
[ed add ed 


(5) 
O15 Op NC Ayn Aon 
TL/F/9479-2 


54F/74F 


Description 


1.0/1.0 
1.0/1.0 
50/33.3 


Address Inputs 
Enable Inputs (Active LOW) 
Outputs (Active LOW) 


U.L. Input Iyy/te 
HIGH/LOW | Output Iox/IoL 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
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Functional Description 


The ’F139 is a high-speed dual 1-of-4 decoder/demultiplex- 
er. The device has two independent decoders, each of 
which accepts two binary weighted inputs (Ag—A4) and pro- 
vides four mutually exclusive active LOW Outputs (Op-O3). 
Each decoder has an active LOW enable (E). When E is 
HIGH all outputs are forced HIGH. The enable can be used 


Truth Table 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


Logic Diagram 


Oe = "la Ora 


as the data input for a 4-output demultiplexer application. 
Each half of the ’F139 generates all four minterms of two 
variables. These four minterms are useful in some applica- 
tions, replacing multiple gate functions as shown in Figure 7, 
and thereby reducing the number of packages required in a 
logic network. 


0; 


see 
=> 
D> 
=D 


TL/F/9479-6 
FIGURE 1. Gate Functions (each half) 


Ate Ep Aop  Atb . 
O30 Oop Orn Oop 03 


TL/F/9479-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. - 
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Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 58°C to + 175°C 


Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output — 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter Se Vcc 
Min Typ Max 


| InputHiGHVolage | 20 | 
| 


VIH 


VIL Input LOW Voltage 


Vep 


VoH Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


28 


Voltage 





Output LOW 
Voltage 


Input Leakage 
Test 


Output Leakage 


Input LOW Current 


Output Short-Circuit Current 


input Clamp Diode Vanage 12 | v | 


0.5 

0.5 
Input HIGH 20.0 as 
Current 5.0 
Input HIGH Current 100 A 
Breakdown Test 7.0 
Output HIGH 
Leakage Current - a 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
lon = —1imA 


lo. = 20 mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 
Vout = Voc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 0V 


Power Supply Current eee ee 


4-92 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Symboi Parameter Vec = +5.0V 


C, = 50 pF 
Propagation Delay 
Ag or A; top, 


Propagation Delay 


Tas Vec = Com 
CL = 
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ZA National 


Semiconductor 


54F/74F 148 
8-Line to 3-Line Priority Encoder 


General Description Features 


The 'F148 provides three bits of binary coded output repre- | ™@ Encodes eight data lines in priority 
senting the position of the highest order active input, along m™ Provides 3-bit binary priority code 

with an output indicating the presence of any active input. It | -m Input enable capability 

is easily expanded via input and output enables to provide gy Signals when data is present on any input 
priority encoding over many bits. m Cascadable for priority encoding of n bits 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak 


lolol 


an 


1a 


E 
Ay 
A 


on owe ADHD 


Q 
=z 
o 


IEEE/IEC 


HPRI/BIN /F/9480-1 
A 0 Tee TL/F/9480-2 


ray Soe ae ae the eh 


TL/F/9480-6 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description U.L. Input tyy/tie 
HIGH/LOW | Output Ion/lot 


Priority Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Priority Inputs (Active LOW) 1.0/2.0 20 pA/-1.2 mA 
Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Enable Output (Active LOW) 50/33.3 —1mA/20 mA 
Group Signal Output (Active LOW) 50/33.3 —1mA/20 mA 
Address Outputs (Active LOW) 50/33.3 —1mA/20 mA 
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Functional Description 


The ’F148 8-input priority encoder accepts data from eight 
active LOW inputs (Ip-I7) and provides a binary representa- 
tion on the three active LOW outputs. A priority is assigned 
to each input so that when two or more inputs are simulta- 
neously active, the input with the highest priority is repre- 
sented on the output, with input line 7 having the highest 
priority. A HIGH on the Enable Input (El) will force all out- 
puts to the inactive (HIGH) state and allow new data to set- 
tle without producing erroneous information at the outputs. 


Truth Table 


-— «xX «KK «KI|x<xx< «IT XK 
mirK MK KK IT XK 


sai conti fea a ia reer sz|m 
xramer-ekKIKx<x*x«KI-x 


-~— «x «KK KIx<Xx< «kK Ix 
Irrririjr-exKxxK itx 


x= 
= 
x= 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


Logic Diagram 


Pens | 
YV VY \/ 
VJ INZINZ| WY 
| Fy. fof 
LL Sete 


TIrrTirTrirTyirrex<xzr-x 


ae 





A Group Signal output (GS) and Enable Output (EO) are 
provided along with the three priority data outputs (Ap, Aj, 
Ao). GS is active LOW when any input is LOW: this indicates 
when any input is active. EO is active LOW when all inputs 
are HIGH. Using the Enable Output along with the Enable 
Input allows cascading for priority encoding on any number 
of input signals. Both EO and GS are in the inactive HIGH 
state when the Enable Input is HIGH. 


~N 
>| 
6 
> 
>| 
~w 


TrrTrTrTirTasjytiorteTwx 
oe Sr eae ae 
Torre tlJrerracrT 
ee ee ee OE re ee 
LS a Dlx = el 


VV 
i 


TL/F/9480~4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the Natlonal Semiconductor . Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —§5°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to . 
_ Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


ViH 
VIL 


Vep 
Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output High 
Leakage Current 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW 
Current 


Output Short-Circuit Current 
Power Supply Current 


Power Supply Current 


54F/74F 


ypVE 
Noo 
~ 
oO 
= = = =. 
sf<|5|5[5[<| <<] 8 


> 3 
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Recommended Pperating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


~—55°C to + 125°C 
0°C to + 70°C 


- +4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 
Max 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1 mA 
lon = —1mA 
loo = —1mA 


lol = 20mA 
lo. = 20 mA 


Vin = 2.7V 
Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V_ (Io, El) 
Vin = 0.5V_ (i;-17) 


Vout = 9V 
Vo = HIGH 
Vo = LOW 


3-4 
> > 





Application 
16-Input Priority Encoder 


ENABLE 


TL/F/9480-5 


Ta = +25°C 
Parameter Vcc = +5.0V 


Propagation Delay 3.0 ; A 

in to Ap 3.0 8.0 : 12.0 

Propagation Delay 2.5 5.0 7.5 

In to EO 2.5 5.5 : : 8.5 

Propagation Delay 2.5 7.0 10.0 ne 


i, to GS 2.5 6.0 


9.0 
8.0 
8.5 
8.0 


El to A, 2.5 6.0 


Propagation Delay 2.5 5.0 
El to GS 2.5 6.0 


Propagation Delay 2.5 5.5 
El toEO 3.0 8.0 10.5 


7.5 
9.0 
8.0 
Propagation Delay 2.5 6.5 8.5 
8.0 
7.0 
7.5 
7.0 


2.5 
2.5 
2.5 
5 
5 
5 
0 


2 
2 
2. 
3 12.0 
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G4 National 


Semiconductor 


54F/74F151A 
8-Input Multiplexer 


General Description 


The ’F151A is a high-speed 8-input digital multiplexer. It pro- universal function generator to generate any logic function 
vides in one package the ability to select one line of data _ of four variables. Both assertion and negation outputs are 
from up to eight sources. The ’F151A can be used as a __ provided. 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment for DIP, Pin Assignment 
SOIC and Flatpak for LCC 


ZZNh | 
BOB 
EEE 





TL/F/9481-3 





aon Mm onert wD = 


Bo me 
IEEE/IEC Sp bh NC ly is 


TL/F/9481-1 
5 TL/F/9481-2 


TL/F/9481-5 


Unit Loading/Fan Out: see Section 2 for ULL. Definitions 


54F/74F 
Description ULL. Input I/Ihe 
HIGH/LOW Output Ion/loL 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Select Inputs 1.0/1.0 20 pA/—-0.6 mA 
Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Data Output 50/33.3 —1mA/20 mA 
Inverted Data Output 50/33.3 —1 mA/20 mA 
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Functional Description 
The 'F151A is a logic implementation of a single pole, 8-po- 
sition switch with the switch position controlled by the state 
of three Select inputs, So, S}, Se. Both assertion and nega- 
tion outputs are provided. The Enable input (E) is active 
LOW. When it is not activated, the negation output is HIGH 
and the assertion output is LOW regardless of all other in- 
puts. The logic function provided at the output is: 
Z=Ee * (Ip So Sy So ar Iq So Sy So + lo So Sy So + 

lg So Sy So + 14 SoS Sq + Ig So Sy Sp + 

Ig So Sy So + I7 So S; So) 
The 'F151A provides the ability, in one package, to select 
from eight sources of data or control information. By proper 
manipulation of the inputs, the ’F151A can provide any logic 
function of four variables and its negation. 


Logic Diagram 


Truth Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


TL/F/9481-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Conditions 


Military 
Commercial 
Supply Voltage 
Military 
Commercial 
—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


54F/74F 
yp 


Symbol Parameter 


ViH Input HIGH Voltage 
VIL Input LOW Voltage 


= 
+ 
= 
) 


| 
— 
io 
< 
= 
3 


= ie] 
Oo 


Input Clamp Diode Voltage 

Output HIGH 54F 10% Vcc 
74F 10% Voc 
74F 5% Voc 
54F 10% Voc 
74F 10% Voc 
54F 

74F 


54F 
74F 


54F 
74F 


Vcp 
VOH 


9 
a 


Voltage 





Output LOW 
Voltage 


I Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


VoL 


IBvI 


IcEx 


Vio Input Leakage 7A 
Test 


F 4.75 Vv 
lop Output Leakage 
Circuit Current 74F 3.75 pA 
ieput EON Cures p06 | mA_| Max | 


Output Short-Circuit Current —60 —150 | ma | Max | 
Power Supply Current 13.5 21.0 | mA | Max | 
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Free Air Ambient Temperature 


Recommended Operating 


— 55°C to + 125°C 
0°C to + 70°C 


+4,.5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1 mA 
lon = —1mA 
lon = -—1mMA 


lo. = 20mA 
lo. = 20mA 


VIN = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 





Parameter 


Propagation Delay 
Sp toZ 


Propagation Delay, 
Sp toZ 
Propagation Delay 
EtoZ 


Propagation Delay 
EtoZ 


Propagation Delay 
In toZ 


Propagation Delay 
In toZ 


4.0 
3.2 


ae 


‘. 


3.0 
3.7 


Ta = +25°C 
Vec = +5.0V 
Cy = 50 pF 


6.2 
5.2 


7.5 
6.2 


4.7 
4.4 


7.0 
5.3 


4.8 
2.5 


4.8 
5.5 


9.0 
7.6 


10.5 
9.0 


6.1 
6.0 


9.5 
7.0 


6.5 
4.0 


6.5 
7.0 
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Tas Vec = Mil 
C. = 50 pF 


3.5 
3.0 


4.5 
4.0 


3.0 
2.5 


4.0 
3.0 


2.5 
1.5 


2.5 
3.5 


AC Electrical Characteristics: see section 2 for waveforms and Load Configurations 


3.5 
3.2 


4.5 
4.0 


3.0 
2.5 


4.0 “y : 
3.0 


3.0 
1.5 


2.5 
3.7 





VESI 


ZA National 


Semiconductor 


54F/74F153 
Dual 4-Input Multiplexer 


General Description 


The 'F 153 is a high-speed dual 4-input multiplexer with com- —_ two buffered outputs present data in the true (non-inverted) 
mon select inputs and individual enable inputs foreach sec- _—_ form. In addition to multiplexer operation, the 'F153 can 
tion. It can select two lines of data from four sources. The = generate any two functions of three variables. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 
Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC 
9 (alte "an |e lob tb '2b '3p loa He NC bon bk 
(6) (5) 
aes: 8 


TL/F/9482-3 


5,888 
4) 65) be) fa 
Itb bap NC Isp So 


IEEE/IEC 


aon om nek wn = 


TL/F/9482- 
} TL/F/9482-2 


TL/F/9482-5 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Pin Names Description ULL. Input hy/te 
HIGH/LOW | Output Ion/lot 


Side A Data Inputs 1.0/1.0 20 pA/-0.6 mA 
Side B Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Common Select Inputs 1.0/1.0 20 pA/—0.6 mA 
Side A Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Side B Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Side A Output 50/33.3 —1 mA/20 mA 

Side B Output 50/33.3 —1mA/20 mA 
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Functional Description 


The 'F153 is a dual 4-input multiplexer. It can select two bits 
of data from up to four sources under the control of the 
common Select inputs (So, S1). The two 4-input multiplexer 
circuits have individual active LOW Enables (E,, E,) which 
can be used to strobe the outputs independently. When the 
Enables (Eg, Ep) are HIGH, the corresponding outputs (Z,, 
Zp) are forced LOW. The 'F153 is the logic implementation 
of a 2-pole, 4-position switch, where the position of the 
switch is determined by the logic levels supplied to the two 
Select inputs. The logic equations for the outputs are as 
follows: 


Truth Table 


Select 
Inputs 


Inputs (a or b) 


H 
L 
L 
L 
L 
L 
L 
L 
L 


X 
L 
L 
L 
L 
H 
H 
H 
H 


xx «KKK KOI x 
xx < KX Ie-xK KX 
<x DO-«K KKK 


Logic Diagram 
Es loa Ne 


V 


Za 





= Eg*(IpaeSy#So + I1geSyeSo + 
loa®S1°So + Iga¢Sy*So) 


Zp = Ep*(lop*S1#So + Iyp*S1eSo + 
lap®S1*So + Igp*S19So) 


The ’F153 can be used to move data from a group of regis- 
ters to a common output bus. The particular register from 
which the data came would be determined by the state of 
the Select inputs. A less obvious application is as a function 
generator. The ’F153 can generate two functions of three 
variables. This is useful for implementing highly irregular 
random logic. 


cesexrseeh] 


mir KK KK KK OK 


at | 


Z, 
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


VIH 
Vit 


Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Input RIGH 
Current 


Input HIGH Current 54F 
Breakdown Test 74F 


Output High a 

Leakage Current 

Input Leakage 

Test 

Output Leakage 

Circuit Current a 

Input LOW Current 


Output Short-Circuit Current 
Power Supply Current 


~N 
° 
= ‘e = = 


54F/74F 


°o 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mA 
lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 


| 
— 
Ls) 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 
Vo = LOW 





AC Electrical Characteristics: see Section 2 tor Waveforms and Load Configurations 


Parameter 


Propagation Delay 
Spy to Zn 


Propagation Delay 
E, to Zp, 


Propagation Delay 
In to Zn 


4.5 
3.0 


3.0 
2.5 


Ta = +28°C 
Vec = +5.0V 
C. = 50 pF 
Typ 


8.1 
7.0 


7.1 
5.7 


5.3 
5.1 
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Ta; Vec = Mil 
C_ = 50 pF 


4.5 
3.5 


4.5 
2.5 


2.5 
2.5 


4.5 
3.5 


4.5 
2.5 


3.0 
2.5 
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54F/74F157A 
Quad 2-Input Multiplexer 


General Description | Features 


The ’F157A is a high-speed quad 2-input multiplexer. Four ™ Guaranteed 4000V minimum ESD protection 
bits of data from two sources can be selected using the 

common Select and Enable inputs. The four outputs present 

the selected data in the true (non-inverted) form. The 

’F157A can also be used to generate any four of the 16 

different functions to two variables. 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC 


Ii bop NC Za Ig 
7) &) 4) 
aa a 


TL/F/9483-3 





IEEE/IEC 


aon OO te WD 


lod Ze NC Ihe ‘Oc 


TL/F/9483-1 
TL/F/9483~2 


TL/F/9483-5 


Unit Loading/Fan Out: See Section 2 for U.L. Definitions 


54F/74F 


Description ULL. Input Iip/Iy. 
HIGH/LOW | Output lon/loL 


Source 0 Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Source 1 Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Select Input 1.0/1.0 20 pA/—0.6 mA 
Outputs 50/33.3 —1mA/20 mA 
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Functional Description 


The ’F157A is a quad 2-input multiplexer. It selects four bits 
of data from two sources under the control of a common 
Select input (S). The Enable input (E) is active LOW. When 
E is HIGH, all of the outputs (Z) are forced LOW regardless 
of all other inputs. The ’F157A is the logic implementation of 
a 4-pole, 2-position switch where the position of the switch 
is determined by the logic levels supplied to the Select in- 
put. The logic equations for the outputs are shown below: 
Zn = Ee (lin S + lon S) 

A common use of the ’F157A is the moving of data from two 
groups of registers to four common output busses. The par- 
ticular register from which the data comes is determined by 
the state of the Select input. A less obvious use is as a 
function generator. The ’F157A can generate any four of the 


Logic Diagram 


loa Ne lob 


16 different functions of two variables with one variable 
common. This is useful for implementing highly irregular 
logic. 


Truth Table 


IGH Voltage Level 
W Voltage Level 
material 


Zy 


Z4 


TL/F/9483-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


ViH 
Vit 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW Current 

Output Short-Circuit Current 
Power Supply Current 
Power Supply Current 


54F/74F 


~ O ¢ 
ron) ° 


‘Ss = = = 
i) is) 
x x 


N arn 
> a 
nn ny TT 
ai 
TFL 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4,.5V to +5.5V 
+ 4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signa! 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mA 


lol = 20 mA 
lol = 20mA 


VIN = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 
Vo = LOW 


mM] 
wo 1wo 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
CL = 50 pF 


Min Typ Max_| Min Max_| Min Max_| 
Propagation Delay 4.0 7.0 10.0 4.0 12.0 4.0 11.0 
StoZp 3.0 5.0 7.0 3.0 9.0 3.0 8.0 
Propagation Delay 5.0 7.0 9.5 5.0 13.0 5.0 11.0 
EtoZ, 2.5 4.5 6.5 2.5 7.5 2.5 : 

2.5 


7.0 
Propagation Delay : 4.5 6.0 2.5 7.5 2.5 6.5 
In to Zp 2.5 4.0 5.5 1.5 7.5. 2.0 7.0 


VZSL 


Tas Vcc = Mil Ta, Vcc = Com 
C. = 50 pF Cy = 50 pF 
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ZA National 


Semiconductor 


54F/74F 158A 
Quad 2-Input Multiplexer 


General Description _ Features 


The ’F158A is a high speed quad 2-input multiplexer. It se- | ™ Guaranteed 4000V minimum ESD protection 
lects four bits of data from two sources using the common 

Select and Enable inputs. The four outputs present the se- 

lected data in the inverted form. The ’F158A can also gener- 

ate any four of the 16 different functions of two variables. 


Ordering Code: see Sections 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


Bbc 
[8] 
lon a lob tb loc Ne log Ne 





TL/F/9484-3 





an Om nm et WD 


4 
IEEE/IEC log Zp NC he bye 


TL/F/9484—- 
Meare TL/F/9484-2 


TL/F/9484-5 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


Description ULL. Input tiy/Iie 
HIGH/LOW | Output IoH/IoL 


Source 0 Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Source 1 Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Select Input 1.0/1.0 20 pA/—0.6 mA 
Inverted Outputs 50/33.3 —1mA/20 mA 
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Functional Description 


The ’F158A quad 2-input multiplexer selects four bits of 
data from two sources under the control of a common Se- 
lect input (S) and presents the data in inverted form at the 
four outputs. The Enable input (E) is active LOW. When E is 
HIGH, all of the outputs (Z) are forced HIGH regardless of 
all other inputs. The ’F158A is the logic implementation of a 
4-pole, 2-position switch where the position of the switch is 
determined by the logic levels supplied to the Select input. 


A common use of the ’F158A is the moving of data from two 
groups of registers to four common output busses. The par- 
ticular register from which the data comes is determined by 
the state of the Select input. A less obvious use is as a 
function generator. The ’'F158A can generate four functions 
of two variables with one variable common. This is useful for 
implementing gating functions. 


Logic Diagram 


loa Na lop NWb log Ve 
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Truth Table 


Outputs 





HIGH Voltage Level 
LOW Voltage Level 
Immaterial 

E X (ln S + lon S) 


TL/F/9484-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating§ (Note1) _ Recommended Operating 
lf Military/Aerospace specified devices are required, Conditions 
lease contact the National Semiconductor Sales : F 
Office/ Distributors for availability and specifications. ae Temperalute —55°C to + 125°C 
Storage Temperature —65°C to + 150°C Commercial 0’C to +70°C 
Ambient Temperature under Bias —55°C to + 125°C Supply Voltage _ , 
Junction Temperature under Bias ~—55°C to + 175°C Military +4.5V to +5.5V 
Vcc Pin Potential to , Commercial +4.5V to +5.5V 
Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30mA to +5.0mA 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output —0.5V to Voc 
TRI-STATE® Output —0.5V to + 5.5V 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter BAFLTSE Conditions 
Min Typ Max 
Vin___| InputHiGHVoltage 


Input HIGH Voltage Een eo ee Recognized as a HIGH Signal 
ViL Input LOW Voltage he 2. ae Recognized as a LOW Signal 


VOH Output HIGH 54F 10% Voc 2.5 loo = —1mA 
Voltage 74F 10% Voc : log = —1mA_ 
74F 5% Voc lon = —1mA 


VoL Output LOW 54F 10% Voc lo. = 20mA 
Voltage 74F 10% Vcc lo. = 20 mA 


lH Input HIGH 54F Vin = 2.7V 
Current 74F 


IBvI Input HIGH Current 54F Vin = 7.0V 
Breakdown Test 74F 


IcEX Output HIGH 54F Vout = Voc 
Leakage Current 74F 





Input Leakage 7AF lip = 1.9 pA 
Test ; All Other Pins Grounded 


Output Leakage 74F Viop = 150 mV 
Circuit Current : All Other Pins Grounded 


Input LOW Current VIN = 0.5V 
Output Short-Circuit Current VouT = OV 
Power Supply Current Vo = LOW 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 4 
Parameter Voc = +5.0V = ie “ 
C, = 50 pF bene 
: : 


Propagation Delay 
StoZ, 
Propagation Delay 
EtoZ, 


Propagation Delay 
I, to Zp 
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54F/74F160A °@ 54F/74F162A | 
Synchronous Presettable BCD Decade Counter 


General Description 


The ’F160A and ’F162A are high-speed synchronous dec- 
ade counters operating in the BCD (8421) sequence. They 
are synchronously presettable for applications in program- 
mable dividers. There are two types of Count Enable inputs 
plus a Terminal Count output for versatility in forming syn- 
chronous multistage counters. The ‘F160A has an asyn- 
chronous Master Reset input that overrides all other inputs 
and forces the outputs LOW. The ’F162A has a Synchro- 
nous Reset input that overrides counting and parallel load- 


Ordering Code: see Section 5 
Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 


*F160A 


1 
2 
3 
4 
5 
6 
7 
8 





TL/F/9485-1 


*F162A 


on One® WP 


TL/F/9485-9 


ing and allows all outputs to be simultaneously reset on the 
rising edge of the clock. The ’F160A and ’F162A are high 
speed versions of the ’F160 and ’F162. 


Features 

m@ Synchronous counting and loading 

m High-speed synchronous expansion 

@ Typical count rate of 120 MHz 

m@ Guaranteed 4000V minimum ESD protection 


Pin Assignment 
for LCC 


"FI60A 


Ps Py NC Py Po 
BOWE 


Q3 Q, NC Q; Q 


TL/F/9485-2 


"F162A 


Ps Py NC Py Po 
(8) 7) (6) (5) 4) 





Q Q) NC Q; Q 


TL/F/9485-10 
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Logic Symbols 
IEEE/IEC 


’"F160A 


CTRDIV1O 
CT=0 
M1 


TL/F/9485-3 


TL/F/9485-6 


"F162A 


CTRDIV1O 
5CT=0 
M1 
M2 


TL/F/9485-8 
G4 


> 5/2,3,44 
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Unit Loading/Fan Out: See Section 2 for U.L. definitions 


54F/74F 


Description U.L. Input ty /Tye 
HIGH/LOW Output Ion/loL 


CEP Count Enable Parallel Input 1.0/1.0 20 pA/—0.6 mA 
CET Count Enable Trickle Input 1.0/2.0 20 pA/—1.2 mA 
CP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
MR (’F160A) Asynchronous Master Reset Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
SR ('F162A) Synchronous Reset Input (Active LOW) 1.0/2.0 20 pA/—-1.2 mA 
Po-P3 Parallel Data Inputs 1.0/1.0 20 pA/—0.6 mA 
PE Parallel Enable Input (Active LOW) 1.0/2.0 20 pA/—1.2 mA 
Qo-Q3 Flip-Flop Outputs 50/33.3 —1mA/20 mA 

TC Terminal Count Output 50/33.3 —1mA/20 mA 
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Functional Description 


The 'F160A and 'F162A count modulo-10 in the BCD (8421) 
sequence. From state 9 (HLLH) they increment to state 0 
(LLLL). The clock inputs of all flip-flops are driven in parallel 
through a clock buffer. Thus all changes of the Q outputs 
(except due to Master Reset of the (‘F160A) occur as a 
result of, and synchronous with, the LOW-to-HIGH transition 
of the CP input signal. The circuits have four fundamental 
modes of operation, in order of precedence: asynchronous 
reset (’F160A), synchronous reset (’F 162A), parallel load, 
count-up and hold. Five control inputs—Master Reset (MR, 
’"F160A), Synchronous Reset (SR, ’F 162A), Parallel Enable 
(PE), Count Enable Parallel (CEP) and Count Enable Trickle 
(CET)—determine the mode of operation, as shown in the 
Mode Select Table. A LOW signal on MR overrides all other 
inputs and asynchronously forces all outputs LOW. A LOW 
signal on SR overrides counting and parallel loading and 
allows all outputs to go LOW on the next rising edge of CP. 
A LOW signal on PE overrides counting and allows informa- 
tion on the Parallel Data (P,) inputs to be loaded into the 
flip-flops on the next rising edge of CP. With PE and MR 
(F160A) or SR (’F162A) HIGH, CEP and CET permit count- 
ing when both are HIGH. Conversely, a LOW signal on ei- 
ther CEP or CET inhibits counting. 


Mode Select Table 


The 'F160A and ’F162A use D-type edge-triggered flip-flops 
and changing the SR, PE, CEP and CET inputs when the CP 
is in either state does not cause errors, provided that the 
recommended setup and hold times, with respect to the ris- 
ing edge of CP, are observed. 


The Terminal Count (TC) output is HIGH when CET is HIGH 
and counter is in state 9. To implement synchronous multi- 
stage counters, the TC outputs can be used with the CEP 
and CET inputs in two different ways. Please refer to the 
’F568 data sheet. The TC output is subject to decoding 
spikes due to internal race conditions and is therefore not 
recommended for use as a clock or asynchronous reset for 
flip-flops, counters or registers. In the 'F160A and ’F162A 
decade counters, the TC output is fully decoded and can 
only be HIGH in state 9. If a decade counter is preset to an 
illegal state, or assumes an illegal state when power is ap- 
plied, it will return to the normal sequence within two counts, 
as shown in the State Diagram. 


Logic Equations: 
Count Enable = CEP x CET x PE 
TC = Qo x Qy x Qo X Q3 X CET 


State Diagram 


CEP Action on the Rising 
Clock Edge (_’ ) 
; Reset (Clear) 


Load (Ph — Qn) 
Count (Increment) 


No Change (Hold) 
No Change (Hold) 


*For 'F162A only 

H = HIGH Voltage Level 
= LOW Voltage Level 

X = Immaterial 
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MR'160A 
SR'162A 
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1 a 1 ee 
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Q, Q. 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


be damaged or have its useful life impaired. Functional operation under 


these conditions is not implied. 
Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage 
Input LOW Voltage 


VIH 
VIL 
Vcop 


Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 7 


4F 
Output HIGH 54F 
Leakage Current 74F 
Input Leakage 74F 
Test 
Output Leakage 
Circuit Current ad 
Input LOW 
Current 
Output Short-Circuit Current 
Power Supply Current 


VOH 


Voltage 





VoL 


IH 


IBvI 


IcEXx 


4.75 


—60 
37 


54F/74F 
Min Typ 


= = = = 


2 
~ 
a 


1 4 

iy ® 
3/3 
> | > 
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Max 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


loo = —1mA 
lon = —1mA 
lon = —1mA 


lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (CP, CEP,P,, MR (’F160A)) 
Vin = 0.5V (CET, SR (’F162A), PE) 


Vout = 0V 
Vo = HIGH 


3 3 
> > 





AC Electrical — ee See Section 2 for Waveforms and Load Configurations 


pt = +25°C 
Parameter Vee = = +5.0V 


Vc9l e VOSI 


Ta: Vcc = Mil 
C_ = 50 pF 


Maximum Count Eee 


Propagation Delay, Count 3.5 5.5 7.5 ; 9.0 
CP to Q, (PE Input HIGH) 3.5 7.5 10.0 3.5 11.5 3.5 


Propagation Delay, Load : ; a : 8.5 4.0 10.0 4.0 
CP to Q, (PE Input LOW) 8.5 4.0 10.0 4.0 


Propagation Delay 10.0 14.0 5.0 16.5 5.0 
CP to TC 10.0 14.0 5.0 15.5 5.0 


Propagation Delay 2 : : : A : 9.0 2.5 
CET to TC 9.0 2.5 


Propagation Delay 
MR to Q, (’F160A) 


Propagation Delay 
MR to TC (’F160A) 
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160A © 162A 


AC Operating Requirements: see Section 2 for Waveforms 


| 


Ta = +25°C 


Vec = +5.0V Tas Vec = Mil 


Parameter 


Setup Time, HIGH or LOW 4.0 5.5 
P, to CP (’F160A) 


Setup Time, HIGH or LOW 
P, to CP ('F162A) 


5. 


Hold Time, HIGH or LOW 
P, to CP 


5.0 
Setup Time, HIGH or LOW 11.0 
PE orSRtoCP . 8.5 
Hold Time, HIGH or LOW 
PE or SR to CP 
Setup Time, HIGH or LOW 11.0 
CEP or CET to CP 5.0 

Hold Time, HIGH or LOW 

CEP or CET to CP 

Clock Pulse Width (Load) 

HIGH or LOW 

Clock Pulse Width (Count) 4.0 

HIGH or LOW. 6.0 
MR Pulse Width, LOW 
("F160A) 


Recovery Time 


MR to CP (’F160A) 
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ZA National 


Semiconductor 


54F/74F 161A © 54F/74F 163A 


VESLeVISL 


Synchronous Presettable Binary Counter 


General Description 


The 'F161A and ’F163A are high-speed synchronous modu- 
lo-16 binary counters. They are synchronously presettable 
for application in programmable dividers and have two types 
of Count Enable inputs plus a Terminal Count output for 
versatility in forming synchronous multi-stage counters. The 
’F161A has an asynchronous Master-Reset input that over- 
rides all other inputs and forces the outputs LOW. The 
‘F163A has a Synchronous Reset input that overrides 
counting and parallel loading and allows the outputs to be 
simultaneously reset on the rising edge of the clock. The 
’F161A and 'F163A are high-speed versions of the ’F161 
and ’F163. 


Ordering Code: see Sections 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 
"F1IG1A 


oN OOH PF Ww PS 


TL/F/9486-1 


Pin Assignment 
for DIP, SOIC and Flatpak 
*F163A 


an owner WP 





TL/F/9486-7 





Features 

m@ Synchronous counting and loading 

m@ High-speed synchronous expansion 

Typical count frequency of 120 MHz 

m Guaranteed 4000V minimum ESD protection 


Pin Assignment 
for LCC 
"FIG1A 

Ps Po NC Py Po 
&) (5) 





14 
Qs Q NC Q; Q 
TL/F/9486-2 


Pin Assignment 
for LCC 
*F163A 

Ps Po NC Py Py 
(6) (5) 





@.8,0,8 
4) 15) fe) A 3) 
Qs Q, NC Q Qy 


TL/F/9486-8 


4-121 


161A°163A 


Logic Symbols 


FI6G1A 


TL/F/9486-3 


TL/F/9486-6 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


CEP 

CET 

cP 

MR (’F161A) 
SR (F163A) 
Po-P3 

PE 

Qo-Q3 

TC 


Description 


Count Enable Parallel input 


. Count Enable Trickle Input 


Clock Pulse Input (Active Rising Edge) 
Asynchronous Master Reset Input (Active LOW) 
Synchronous Reset Input (Active LOW) 

Parallel Data Inputs 

Parallel Enable Input (Active LOW) 

Flip-Flop Outputs 

Terminal Count Output 
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"FI63A 


TL/F/9486-9 


TL/F/9486-10 


54F/74F 


U.L. 
. HIGH/LOW 


1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/2.0 
50/33.3 
50/33.3 


Input IHq/t 
Output Ion/IoL 


20 pA/—0.6 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 
—1mA/20 mA 
—1mA/20 mA 





Functional Description 


The 'F161A and 'F163A count in modulo-16 binary se- 
quence. From state 15 (HHHH) they increment to state 0 
(LLLL). The clock inputs of all flip-flops are driven in parallel! 
through a clock buffer. Thus all changes of the Q outputs 
(except due to Master Reset of the 'F161A) occur as a re- 
sult of, and synchronous with, the LOW-to-HIGH transition 
of the CP input signal. The circuits have four fundamental! 
modes of operation, in order of precedence: asynchronous 
reset (’F161A), synchronous reset (’F163A), parallel load, 
count-up and hold. Five contro! inputs—Master Reset (MR, 
’F161A), Synchronous Reset (SR, ’F163A), Parallel Enable 
(PE), Count Enable Parallel (CEP) and Count Enable Trickle 
(CET)—determine the mode of operation, as shown in the 
Mode Select Table. A LOW signal on MR overrides all other 
inputs and asynchronously forces all outputs LOW. A LOW 
signal on SR overrides counting and paralle! loading and 
allows all outputs to go LOW on the next rising edge of CP. 
A LOW signal on PE overrides counting and allows informa- 
tion on the Parallel Data (P,) inputs to be loaded into the 


Mode Select Table 


ae Action on the Rising 
Pe ea cl Clock Edge (_’ ) 


Reset (Clear) 


*SR 


Load (Ph — Qn) 

Count (Increment) 
No Change (Hold) 
No Change (Hold) 


*For 'F163A only 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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flip-flops on the next rising edge of CP. With PE and MR 
('F161A) or SR ('F163A) HIGH, CEP and CET permit count- 
ing when both are HIGH. Conversely, a LOW signal on ei- 
ther CEP or CET inhibits counting. 

The ’F161A and ’F163A use D-type edge triggered flip-flops 
and changing the SR, PE, CEP and CET inputs when the CP 
is in either state does not cause errors, provided that the 
recommended setup and hold times, with respect to the ris- 
ing edge of CP, are observed. ; 

The Terminal Count (TC) output is HIGH when CET is HIGH 
and the counter is in state 15. To implement synchronous 
multi-stage counters, the TC outputs can be used with the 
CEP and CET inputs in two different ways. Please refer to 
the ’F568 data sheet. The TC output is subject to decoding 
spikes due to internal race conditions and is therefore not 
recommended for use as a clock or asynchronous reset for 
flip-flops, counters or registers. 


Logic Equations: Count Enable = CEP ¢ CET ¢ PE 
TC = Qo * Qy *Qz* Q3 *CET 


State Diagram 


TL/F/9486-5 





VESLeVISL 
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Qy Q 


161A°163A 


weibeig 4o0/g 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
ViL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Vopb . 
VOH 


Voltage 





Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


VoL 
IH 
IBvI 
IcEx 
Input Leakage 


Test 


Output Leakage 
Circuit Current 


Input LOW Current 


Output Short-Circuit Current 


N 
hb 
| i) 
oa Fuad ™N 3 
dy Oo a 


Power Supply Current 


54F/74F 


N O ¢ 

oO oO 

3 /)3 = = = = 
° 
° 


4-125 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+4,5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal! 
lin = —18mA 


| 
-_ 
ho 


loo = —1mA 


lo. = 20 mA 


VIN = 2.7V 


Vin = 7.0V 


iw) 
a 
Oo 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (CEP, CP, MR, Po-P3) 
Vin = 0.5V (CET, PE, SR) 


Vout = OV 


oi 





VESLeVLSL 


161A¢163A 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Vec = +5.0V 
C, = 50 pF 


Min Typ 


Ta; Vcc = Mil 
C. = 50 pF 


Maximum Count Frequency 


Propagation Delay 
CP to Q, (PE Input HIGH) 


: 5.5 
7.5 


Propagation Delay 6.0 
CP to Q, (PE Input LOW) 6.0 


Propagation Delay 
CP to TC 


Propagation Delay 
CET to TC 


Propagation Delay 
MR to Cn (F161A) 


Parameter 


Setup Time, HIGH or LOW 
P, to CP 


Hold Time, HIGH or LOW 
P, to CP 


10.0 
10.0 


4.5 
4.5 


‘6 


8.5 
8.5 


14.0 
14.0 


7.5 
7.6 


3.5 
3.5 


4.0 
4.0 


5.0 
5.0 


2.5 


11.5 


10.0 
10.0 


16.5 
15.5 


9.0 
9.0 


3.5 
: : 


5.0 
5.0 


7 


dd 


Ta = +25°C 
Vcc = +5.0V 


Setup Time, HIGH or LOW 
PE or SR to CP 

Hold Time, HIGH or LOW 
PE or SR to CP 

Setup Time, HIGH or LOW 11.0 

CEP or CET to CP 5.0 

Clock Pulse Width (Count) 4.0 5.0 

HIGH or LOW 6.0 8.0 


Hold Time, HIGH or LOW 
CEP or CET to CP 

Clock Pulse Width (Load) 
HIGH or LOW 


MR Pulse Width, LOW 
('"F161A) 

Recovery Time 

MR to CP (’F161A) 
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Ta, Vec = Mil 


Ta, Vcc = Com 





ZA National 


Semiconductor 


54F/74F 164A 


VPol 


Serial-in, Parallel-Out Shift Register 


General Description 


The ’F164A is a high-speed 8-bit serial-in/parallel-out shift 
register. Serial data is entered through a 2-input AND gate 
synchronous with the LOW-to-HIGH transition of the clock. 
The device features an asynchronous Master Reset which 
clears the register, setting all outputs LOW independent of 
the clock. The ’F164A is a faster version of the 'F164. 


Ordering Code: see Section 5 


Logic Symbols 


Features 

@ Typical shift frequency of 90 MHz 

m Asynchronous Master Reset 

@ Gated serial data input 

m@ Fully synchronous data transfers 

m Guaranteed 4000V min ESD protection 
@ 'F164A is a faster version of the ’F164 


Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


Qo 2; O22 Os Qy Q5 Qs Q7 


TL/F/10613-1 


JEEE/IEC 


TL/F/10613~-4 


Q, NC Q, NC 9 
AOwWae 
EEE & 


a 0 
4] 
TL/F/10613-2 Q, NC Qs NC Q, 


TL/F/10613-3 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description U.L. Input hy/tp 
HIGH/LOW | Output IoH/loL 


Data Inputs 

Clock Pulse Input (Active Rising Edge) 
Master Reset Input (Active LOW) 
Outputs 





20 pA/—0.6 mA 
20 pA/—-0.6 mA 
20 pA/—0.6 mA 

—1mA/20 mA 
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164A 


Functional Description 


The ’F164A is an edge-triggered 8-bit shift register with seri- 
al data entry and an output from each of the eight stages. 
Data is entered serially through one of two inputs (A or B); 
either of these inputs can be used as an active HIGH En- 
able for data entry through the other input. An unused input 
must be tied HIGH. 


Each LOW-to-HIGH transition on the Clock (CP) input shifts 
data one place to the right and enters into Qo the logical 
AND of the two data inputs (A ¢ B) that existed before the 
rising clock edge. A LOW level on the Master Reset (MR) 
input overrides all other inputs and clears the register asyn- 
chronously, forcing all Q outputs LOW. 


Logic Diagram 


Mode Select Table 


Operating | _tnputs | _—_—Outputs—_— 
Mode | wa | AB | Qo | Q1-@7_ 


| 
‘| Shift ; 
h 


H(h) = HIGH Voltage Levels 

Lil) = LOW Voltage Levels 

X = Immaterial : 

Qn = Lower case letters indicate the state of the referenced input or output 
one setup time prior to the LOW-to-HIGH clock transition. 


FAARALALAA Are 


Q% Q a 


Q; a Qs Qg Q, 
TL/F/10613-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias ~55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


twice the rated Io, (mA) 
4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


VIH 
Vit 
Vcp 


VoH Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


VoL 


NH 
74F 


54F 
74F 


54F 
74F 


IBvI 


ICEX 


Input Leakage 
Test 


| inputLowCurrent = LOW Current 


ee 


input HIGH Voltage pie te tt 
Input LOW Voltage pe Pv | 
input Clamp Diode Voltage pte vt a | 


Output Leakage A 

Circuit Current c 
Pest P| 

Output Shortcut Gurrent | 60-150 | mA | Max 


Power Supply Current 95 55 ma | max 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to +70°C 


+ 4,5V to + 5.5V 
+4.5V to +5.5V 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
—imA 

= 20mA 
20 mA 


= 2.7V 


= 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All other pins grounded 


Viop = 150 mV 
All other pins grounded 


Vin = 0.5V 
Vout = 0V 


CP = HIGH 
MR = GND, A,B = GND 





VP9l 


164A 


AC Electrical —_—O See Section 2 for Waveforms and Load Configurations 


ae | = +25°C 
Parameter Vee = = +5.0V 


Maximum Clock Frequency 
Propagation Delay 

CP to Qn 

Propagation Delay 

MR to Q, 





Ta = +25°C 
aed = +5,0V 


Setup Time, HIGH or LOW 4.5 

AorB to CP 4.0 

Hold Time, HIGH or LOW 1.0 1.0 

AorBtoCP 1.0 1.0 

CP Pulse Width 4.0 4.0 
_| HIGH or LOW 7.0 ae 


Parameter Ta, Vcc = Mil Tas Vcc = Com 


MR Pulse Width, LOW 


Recovery Time 
MR to CP 
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Za National 


54F/74F 168 ¢ 54F/74F169 
4-Stage Synchronous Bidirectional Counters 


General Description Features 


The ’F168 and ’F169 are fully synchronous 4-stage up/ ™ Asynchronous counting and loading 
down counters. The ’F168 is a BCD decade counter; the wm Built-in lookahead carry capability 
F169 is a modulo-16 binary counter. Both feature a preset m Presettable for programmable operation 
capability for programmable operation, carry lookahead for 

easy cascading and a U/D input to control the direction of 

counting. All state changes, whether in counting or parallel 

loading, are initiated by the LOW-to-HIGH transition of the 

clock. 


Ordering Code: see sections 


Logic Symbols Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 





1 

2 

3 

4 

TL/F/9488-3 5 

6 

IEEE/IEC 7 
"F168 8 





CTRDIVIO 
M1 (LOAD) 


M2 (COUNT) 






TL/F/9488-1 







Pin Assignment 






u/d M3 (UP) for LCC 
= M4 (DOWN) Pz Pp NC Py Po 
CET 65 TC (6) (5) 





Po Q% 
Py Q 
Po Q, 
: Q Be a 
: Q; Q) NC Q; Xb 


TL/F/9488-8 TL/F/9488-9 
TL/F/9488-2 
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168 © 169 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 
Description ULL. Input IH/he 
HIGH/LOW | Output Igy/lo 


Count Enable Parallel Input (Active LOW) 
Count Enable Trickle Input (Active LOW) . 
Clock Pulse Input (Active Rising Edge) 
Parallel Data Inputs 

Parallel Enable Input (Active LOW) 
Up-Down Count Control Input 

Flip-Flop Outputs 

Terminal Count Output (Active LOW) 


Functional Description 

The ’F168 and ’F169 use edge-triggered J-K type flip-flops 
and have no constraints on changing the control or data 
input signals in either state of the clock. The only require- 
ment is that the various inputs attain the desired state at 
least a setup time before the rising edge of the clock and 
remain valid for the recommended hold time thereafter. The 
parallel load operation takes precedence over other opera- 
tions, as indicated in the Mode Select Table. When PE is 
LOW, the data on the Po-P3 inputs enters the flip-flops on 
the next rising edge of the clock. In order for counting to 
occur, both CEP and CET must be LOW and PE must be 
HIGH; the U/D input then determines the direction of count- 
ing. The Terminal Count (TC) output is normally HIGH and 
goes LOW, provided that CET is LOW, when a counter 
reaches zero in the Count Down mode or reaches 9 (15 for 


Logic Diagram 


1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 


20 pA/—0.6 mA 
20 pA/—-1.2 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 

—1mA/20 mA 

—1mA/20 mA 


the F169) in the Count Up mode. The TC output state is not 


Lee i 


a function of the Count Enable Parallel (CEP) input level. 
The TC output of the ’F168 decade counter can also be 
LOW in the illegal states 11, 13, and 15, which can occur 
when power is turned on or via parallel loading. If an illegal 
state occurs, the 'F168 will return to the legitimate se- 
quence within two counts. Since the TC signal is derived by 
decoding the flip-flop states, there exists the possibility of 
decoding spikes on TC. For this reason the use of TC asa 
clock signal is not recommended (see logic equations be- 
low). 
1) Count Enable = CEP e CET e PE 
2) Up: (F168): TC = Qo © Q; © Qo ® Qz ® (Up) e CET 
(F169): TC = Qo © Qy © Qo © Qs @ (Up) « CET 
3) Down: TC = Qo © Qy * Qo © Oz & (Down) © CET 


Ro ; 
Seo 


kei 


DETAIL A 


a 
~ i 


TL/F/9488-4 


Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Logic Diagram (continued) 


DETAIL A i 


: TL/F/9488-5 
Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Mode Select Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


Load (Ph — Qn) 

Count Up (Increment) 
Count Down (Decrement) 
No Change (Hold) 

No Change (Hold) 


State Diagrams 


--* Count Down 


——»> Count Up 
TL/F/9488-6 -- = Count Down 
- —-»> Count Up 


TL/F/9488~7 
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168 ¢ 169 


Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Vcc = OV) 

Standard Output 

TRI-STATE® Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


ViH 
Vit 
Vep 


Vou Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


se 


Voltage 





Output LOW 
Voltage 


Input HIGH 
Current 


VoL 


NH 


IBvi 


IcEX 


ae 74F 
| Min Typ Max | 


Input HIGH Voltage pao ie 
Input LOW Voltage Pow | | 
Input Clamp Diode Voltage a ee 


2.7 
0.5 
ute eee WS le 
Input HIGH Current 100 
Breakdown Test 7.0 
Output HIGH A 
Leakage Current ae = B 
Test 
Output Leakage 
: A 
Input LOW Current ao : oe 


Output Short-Circuit Current 
Power Supply Current eee 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
o°c to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mMA 
lon = —1mMA 
lol = 20mA 
lo. = 20mA 


Vin = 2.7V 


BE 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (except CET) 
Vin = 0.5V (CET) 


Vout = 0V 
Vo = LOW 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 

CP to Q, (PE HIGH or LOW) 
Propagation Delay 

CP to TC 

Propagation Delay 

CET to TC 


Propagation Delay 


U/D to TC 


Ta = +25°C 
Vcc = +5.0V 
C._ = 50 pF 


Min Typ Max | Min Max_| Min Max_ 


6.5 
9.0 


3.0 

4.0 

5.5 12.0 
4.0 8.5 
2.5 4.5 
2.5 6.0 
3.5 

4.0 


8.5 
12.5 


8.5 
11.5 


11.0 


6.0 
8.0 


11.0 
16.0 


Ta, Voc = Mil 
C, = 50 pF 


3.0 
4.0 


4.0 


2.5 
2.5 


3.5 
4.0 


AC Operating Requirements: See Section 2 for Waveforms 


Parameter 


Setup Time, HIGH or LOW 
P, to CP 


Hold Time, HIGH or LOW 
Pr, to CP 


Setup Time, HIGH or LOW 
CEP or CET to CP 
Hold Time, HIGH or LOW 
CEP or CET to CP 
Setup Time, HIGH or LOW 
PE to CP 
Hold Time, HIGH or LOW 
PE to CP 


Setup Time, HIGH or LOW 


U/D to CP 


Hold Time, HIGH or LOW 
U/D to CP 


CP Pulse Width 
HIGH or LOW 


74F 


Ta = +25°C 
Vcc = +5.0V 


4.0 
4.0 


8.0 
8.0 


11.0 
16.5 


4.5 


Ta; Vcc = Mil 


ee ee 


12.0 3.0 9.5 
16.0 4.0 13.0 


15.5 5.5 20.0 5.5 17.0 
15.0 4.0 12.5 


9.0 2.5 7.0 
12.0 2.5 9.0 
16.0 3.5 12.5 
14.0 4.0 18.0 


Ta, Vcc = Com 


4.5 
4.5 


6.0 
6.0 


10.0 9.0 
10.0 9.0 


14.0 2 
12.0 . 
| 
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45 
3.5 
3.5 
8.0 
8.0 
0.0 
1.0 

0 
9.0 
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"F169 
AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = + 5.0V 


Min Typ Max | Min Max_ 
Maximum Count Frequency re ee es 


Propagation Delay 6.5 — 8.5 3.0 12.0 3.0 
CP to Q, (PE HIGH or LOW) 9.0 41.5 4.0 16.0 4.0 Hs : 
Propagation Delay 12.0 165 )} 5.5 20.0 5.5 17.5 


CP to TC 8.5 12.5 40. 15.0 4.0 13.0 


Propagation Deky 4.5 6.5 2.5 9.0 2.5 
CET to TC 8.5 11.0 2.5 12.0 2.5 - ¢ 


Propagation Delay 3.5 8.5 11.5 3.5 16.0 : : 12.5 
U/D to TC 4.0 8.0 12.0 40 - 14.0 13.0 


AC Operating sii bills See Section 2 for Waveforms 


Ta = +25°C = 
Parameter tees 400 = +50V Ta, a Mil rere Vcc = Com 


Setup Time, HIGH or LOW 4, te tet + Meet 5 ete 5 
P, to CP 4.0 4.5 4.5 


Hold Time, HIGH or LOW 

Pr to CP 

Setup Time, HIGH or LOW 7.0 8.0 8.0 
CEP or CET to CP 5.0 8.0 6.5 : 


Hold Time, HIGH or LOW 

CEP or CET to CP 

Setup Time, HIGH or LOW 8.0 10.0 9.0 
PE to CP 8.0 10.0 9.0 
Hold Time, HIGH or LOW 

PE to CP 

Setup Time, HIGH or LOW 11.0 

U/D to CP 7.0 

Hold Time, HIGH or LOW 

U/D to CP 

CP Pulse Width 4.0 6.0 4.5 
HIGH or LOW 7.0 9.0 8.0 
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54F/74F 174 Hex D Flip-Flop with Master Reset 


General Description Features 

The ’F174 is a high-speed hex D flip-flop. The device is | ™ Edge-triggered D-type inputs 

used primarily as a 6-bit edge-triggered storage register. m Buffered positive edge-triggered clock 

The information on the D inputs is transferred to storage =m Asynchronous common reset 

during the LOW-to-HIGH clock transition. The device has a w Guaranteed 4000V minimum ESD protection 
Master Reset to simultaneously clear all flip-flops. 


Ordering Code: see sections 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


Dy Q) NC Dy Dy 
BOOB 


Do Dy Dy Dp Dy Dy Ds 


Q % % O22 Q3 % 5 





aN On ek WwW Ds = 


TL/F/9489-3 (4) (5) fe) 17) £3) 
Ds Q, NC Dy Ds 


TL/F/9489-1 
TL/F/9489-2 


IEEE/IEC 


aR 
> C1 


Q% 
Q 
Q 
Qs 
a 
Qs 


TL/F/9489-5 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 
Description ULL. Input tW/he 
HIGH/LOW | Output Ion/loL 


Do-Ds Data Inputs 1.0/1.0 20 pA/—0.6 mA 
CP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
MR Master Reset Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Qo-O5 Outputs 50/33.3 —1mA/20 mA 
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Functional Description 


The 'F174 consists of six edge-triggered D flip-flops with 
individual D inputs and Q outputs. The Clock (CP) and Mas- 
ter Reset (MR) are common to all flip-flops. Each D input’s 
state is transferred to the corresponding flip-flop’s output 
following the LOW-to-HIGH Clock (CP) transition. A LOW 
input to the Master Reset (MR) will force all outputs LOW 
independent of Clock or Data inputs. The ’F174 is useful for 
applications where the true output only is required and the 
Clock and Master Reset are common to all storage ele- 
ments. 


Logic Diagram 


we cp OOS 


Truth Table 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

~~ = LOW-to-HIGH Clock Transition 


TL/F/9489-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 

lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 

Ground Pin 

Input Voltage (Note 2) 
Input Current (Note 2) 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 


Current Applied to Output 
in LOW State (Max) twice the rated lo. (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to + 7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V toVcc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage pete et 
Input LOW Voltage oe vd 
Input Clamp Diode Voltage es ee 


VIH 
VIL 


Output HIGH 54F 10% Vcc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


28 


Voltage 





Output LOW 
Voltage 


Input HIGH 54F 
Current 74F 


Input HIGH Current ie 
Breakdown Test 


Output Leakage 
Circuit Current 


Output Short-Circuit Current 


Power Supply Current 


Power Supply Current 


ICCH 


loc 


0.5 
0.5 
ee 
100 
7.0 
Output HIGH 
Leakage Current 
Input Leakage 
Test 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to +70°C 


+4.5V to + 5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
in = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mA 
lo. = 20 mA 
lo. = 20 mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Voc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 


CP =_/ 
D, = MR = HIGH 


Vo = LOW 


— 150 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C See 2 
Parameter Veco = +5.0V Ta; Vec = Mil Ta, Voc = Com 
C. = 50 pF 
Min Typ Max 


MaximumCiockFrequency | 60 | 7 || 
Propagation Delay 3.5 : Oo : : : 

CP to Qn 4.0 : : 4.0 ; 4.0 : 

Propagation Delay 

MB to Q, 5.0 10.0 14.0 5.0 15.0 


AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C oe ee _ 
Parameter Voc = +5.0V Ta, Voc = Mil Tas Vcc = Com 


Setup Time, HIGH or LOW 4.0 4.0 
Dn to CP : 4.0 


Hold Time, HIGH or LOW 
Dry to CP 


4.0 
CP Pulse Width 4.0 
HIGH or LOW 6.0 


MR Pulse Width, LOW 





Recovery Time, MR to CP 
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54F/74F175 Quad D Flip-Flop 


General Description Features 

The ’F175 is a high-speed quad D flip-flop. The device is | ™ Edge-triggered D-type inputs 

useful for general flip-flop requirements where clock and # Buffered positive edge-triggered clock 
clear inputs are common. The information on the Dinputsis = ™ Asynchronous common reset 

stored during the LOW-to-HIGH clock transition. Both true gm True and complement output 

and complemented outputs of each flip-flop are provided. A 

Master Reset input resets all flip-flops, independent of the 

Clock or D inputs, LOW. 


Ordering Code: see sections 


Logic Symbols Connection Diagrams 


IEEE/IEC Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


1 

2 
3 
4 
5 
6 
7 
8 


Doane 
Q2 02 NC Ds Qs 


TL/F/9490~1 
f TL/F/9490-2 


Q % Oy O22 A Qs Qs 


TL/F/9490-3 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


Pin Names Description ULL. Input hH/ 
HIGH/LOW | Output lon/loL 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
Master Reset Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
True Outputs 50/33.3 —-1mA/20 mA 
Complement Outputs 50/33.3 —1mA/20 mA 
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Functional Description 


The ’F175 consists of four edge-triggered D flip-flops with 
individual D inputs and Q and Q outputs. The Clock and 
Master Reset are common. The four flip-flops will store the 
state of their individual D inputs on the LOW-to-HIGH clock 
(CP) transition, causing individual Q and Q outputs to follow. 
A LOW input on the Master Reset (MR) will force all Q out- 
puts LOW and Q outputs HIGH independent of Clock or 
Data inputs. The ’F175 is useful for general logic applica- 
tions where a common Master Reset and Clock are accept- 
able. 


Logic Diagram 


wR 0OcpCtCO 


Qs Qs 


Truth Table 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Y= LOW-to-HIGH Clock Transition 


Q, Q 


Qo % 
TL/F/9490-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—-0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Vcc 
74F 10% Voc 


Vcp 
VoH 


Voltage 





Output LOW 
Voltage 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 
Output HIGH a 
Leakage Current 
Input Leakage 
Test 

lop Output Leakage 74F 

Circuit Current 


Vip 


Input LOW Current ae 
Output Short-Circuit Current -60 — 150 | ma | Max | 


Power Supply Current 225 34.0 mn | ax 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial! 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+ 4.5V to +5.5V 


54F/74F 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
In = —18mA 


lon = —1mA 
= -1mA 
=-1mA 
= 20mA 
lo. = 20 mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 9V 


CP =~ 
D, = MR = HIGH 
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AC Electrical Characteristics: see Section 2 for waveforms and Load Configurations 


Ta = +25°C 
Parameter ee = +5.0V 
C. = 50 pF 


Maximum Glock Frequency tT SO 
: : : 


Propagation Delay 
CP to Q, or Qn 


10.5 
Propagation Delay 
WR to Q, 
Propagation Delay 
MR to Q, eA 


Ta; Vec = Mil Tas Voc = Com 


Ta, Veo = Mil 
C_ = 50 pF 


a = +25°C 


Setup Time, HIGH or LOW 
Dp, to CP 


Hold Time, HIGH or LOW 
Dy to CP 


CP Pulse Width 
HIGH or LOW 


MR Pulse Width, LOW 
Recovery Time, MR to CP 
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54F/74F 181 
4-Bit Arithmetic Logic Unit 


General Description Features 
The ’F181 is a 4-bit Arithmetic logic Unit (ALU) which can =‘'™@ Full lookahead for high-speed arithmetic operation on 


perform all the possible 16 logic operations on two variables long words 
and a variety of arithmetic operations. It is 40% faster than m Guaranteed 4000V minimum ESD protection 
the Schottky ALU and only consumes 30% as much power. 


Ordering Code: see Sections 


Logic Symbols Connection Diagrams 


Active-HIGH Operands Active-LOW Operands Pin Assignment 
for DIP, SOIC and Flatpak 


Ay Bos Ar By ta te-As.E5 «. sO AY Ba MaccBoy AS; BS 
ned 


TL/F/9491-3 TL/F/9491-4 


1 
2 ‘ 
3 
4 
5 
6 
7 
8 
9 


IEEE/IEC 


TL/F/9491-1 


Pin Assignment 
for LCC 
Fo M C, NC Sp Sy Sp 
1) to &) fe &) 
a 


Fo Ol os 
Crag 6 Bs NC Az By Ap 
TL/F/9491-2 


TL/F/9491-10 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input h/t 
HIGH/LOW | Output lox/loL 


A Operand Inputs (Active LOW) 1.0/3.0 
B Operand Inputs (Active LOW) 1.0/3.0 
Function Select Inputs 1.0/4.0 
Mode Control Input 1.0/1.0 
Carry Input 1.0/5.0 
Function Outputs (Active LOW) 50/33.3 
Comparator Output OC*/33.3 
Carry Generate Output (Active LOW) 50/33.3 
Carry Propagate Output (Active LOW)} 50/33.3 
Carry Output 50/33.3 


*OC-Open Collector 


Functional Description 

The 'F181 is a 4-bit high-speed parallel Arithmetic Logic 
Unit (ALU). Controlled by the four Function Select inputs 
(So-S3) and the Mode Control input (M), it can perform all 
the 16 possible logic operations or 16 different arithmetic 
operations on Active HIGH or Active LOW operands. The 
Function Table lists these operations. 


When the Mode Control input (M) is HIGH, all internal car- 
ries are inhibited and the device performs logic operations 
on the individual bits as listed. When the Mode Control input 
is LOW, the carries are enabled and the device performs 
arithmetic operations on the two 4-bit words. The device 


incorporates full internal carry lookahead and provides for 
either ripple carry between devices using the Cy, + 4 output, 
or for carry lookahead between packages using the signals 
P (Carry Propagate) and G (Carry Generate). In the Add 
mode, P indicates that F is 15 or more, while G indicates 
that F is 16 or more. In the Subtract mode P indicates that F 
is zero or less, while G indicates that F is less than zero. P 
and G are not affected by carry in. When speed require- 
ments are not stringent, the "F181 can be used in a simple 
Ripple Carry mode by connecting the Carry output (C,+ 4) 
signal to the Carry input (Cp) of the next unit. For high speed 
operation the device is used in conjunction with a carry look- 
ahead circuit. One carry lookahead package is required for 


20 pA/—1.8 mA 
20 pA/—-1.8 mA 
20 pA/-2.4mA 
20 pA/-0.6 mA 
20 pA/—3.0 mA 
—1mA/20 mA 
*/20mA 
—1mA/20 mA 
—1 mA/20 mA 
—1mA/20 mA 


each group of four F181 devices. Carry lookahead can be 
provided at various levels and offers high speed capability 
over extremely long word lengths. 


The A=B output from the device goes HIGH when all four F 
outputs are HIGH and can be used to indicate logic equiva- 
lence over four bits when the unit is in the Subtract mode. 
The A=B output is open collector and can be wired AND 
with other A=8B outputs to give a comparison for more than 
four bits. The A=B signal can also be used with the Cy+4 
signal to indicate A>B and A<B. 


The Function Table lists the arithmetic operations that are 
performed without a carry in. An incoming carry adds a one 
to each operation. Thus, select code LHHL generates A 
minus B minus 1 (2s complement notation) without a carry 
in and generates A minus B when a carry is applied. Be- 
cause subtraction is actually performed by complementary 
addition (1s complement), a carry out means borrow; thus a 
carry is generated when there is no underflow and no carry 
is generated when there is underflow. As indicated, this de- 
vice can be used with either active LOW inputs producing 
active LOW outputs or with active HIGH inputs producing 
active HIGH outputs. For either case the table lists the oper- 
ations that are performed to the operands labeled inside the 
logic symbol. 
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Absolute Maximum Ratings (note 1) 


{f Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Conditions 


Military 
Commercial 
Supply Voltage 
Military 
Commercial 
—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


VIH Input HIGH Voltage 


54F/74F 
Typ 


Vcc 


es ie 
ee 
=12 | v_| Min | 


Output HIGH BAF 10% Voc pv fam 
V 


74F 10% Voc 
Vv 


Min 


= 
» 
x 


VIL Input LOW Voltage 


Vop 


Voltage 





74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 54F 

Current 74F 

Input HIGH Current 54F 

Breakdown Test 74F 

Output HIGH 54F 

Leakage Current 74F 
4F : 
4F 


NNN 
Nao 
™ 
fo) 


4.75 


Input Leakage 7 
Test 

Output Leakage 7 
Circuit Current 


Input LOW Current 





Output Short-Circuit Current 


loHc Open Collector, Output 
OFF Leakage Test 


B 
> 


Ec 
exe 
Fine 


Power Supply Current 
Power Supply Current 43 65.0 
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Recommended Operating 


Free Air Ambient Temperature 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


‘Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
in = —18mA 


loo = ~1mA 
loo = —1mA 
lon = —1mA 


lo. = 20mA 
lo. = 20 mA 


VIN = 2.7V 
Vin = 7.0V 
Vout = Voc (Fn G P, Cn+4) 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (M) 

Vin = 0.5V (Ap, Ay, A3, Bo, By, B3) 
Vin = 0.5V (Sp, Ag, Bo) 

Vin = 0.5V (Cp) 


Vout = OV Fp; G, P, Cp +4) 
Vo = Vcc (A = B) 


Vo = HIGH 
Vo = LOW 





Table 5-2 F181 Operation Tables 


Logic Arithmetic Arithmetic 
(M=H) (M=L, Co= Inactive) (M=L, Co= Active) 


A minus 1 A 
A¢B minus 1 AeB 
AeB minus 1 AeB 
minus 1 (2s comp.) Zero 
Aplus (A + B) Aplus (A + B) plus 1 
AeBplus(A + B) A®Bplus (A + B) plus 1 
A minus B minus 1 A minus B 
A+B A+ Bplus1 
Aplus (A + B) Aplus (A + B plus 1 
Aplus B Aplus B plus 1 
A*Bplus (A + B) AB plus (A + B) plus 1 
A+B A+ Bolus 1 
Logic “0” Aplus A (2 X A) Aplus A (2 X A) plus 1 
AeB AplusAeB Aplus AB plus 1 
AeB AplusAeB Aplus AB plus 1 
A Aplus 1 


A _ Aplus 1 
A+B A+B A+ Bplus 1 
AeB A+B A+ Bplus1 
Logic “0” minus 1 (2s comp.) Zero 
AeB Aplus (A  B) Aplus AB plus 1 
B Ae Bplus (A + B) Ae Bplus (A + B) plus 1 
A®B A minus B minus 1 A minus B 
AeB AeB minus 1 AeB 
A+B AplusAeB Aplus AB plus 1 
A®B Aplus B Aplus B plus 1 
B A® Bolus (A + B) Ae Bolus (A + B) plus 1 
AeB A*B minus 1 AeB 
Logic “1” Aplus A (2 X A) Aplus A (2 X A) plus 1 
A+B Aplus (A +B) Aplus (A+B) plus 1 
A+B Aplus (A + B) Aplus (A+B) plus 1 
A A minus 1 A 


A Aminus 1 A 
A+B AeB minus 1 AeB 
AeB A¢B minus 1 AeB 
Logic “1” minus 1 (2s comp.) Zero 
AeB Aplus (A + B) Aplus (A + B) plus 1 
B AB plus (A + B) AB plus (A + B) plus 1 
A®B Aplus B Aplus B plus 1 
+ A+B A + Bplus 1 
+ Aplus (A + B) Aplus (A + B) plus 1 
A®B A minus B minus 1 Aminus B 
B A®Bplus (A + B) A Bplus (A + B) plus 1 
A+B A+B A+ Bplus 1 
Logic “0” Aplus A (2 X A) Aplus A (2 X A) plus 1 
AeB AplusAeB Aplus A ¢B plus 1 
AeB AplusA*B Aplus A ¢B plus 1 
A A Aplus 1 


A A Aplus 1 
AeB A+B A+ Bplus1 
AFB A+B A + Bplus 1 
Logic “0” minus 1 (2s comp.) Zero 
A+B AplusAeB Aplus A ¢B plus 1 
Ae Bplus (A + B) Ae Bplus (A + B) plus 1 
A@B Aplus B Aplus B plus 1 
AeB AeB minus 1 AeB 
AeB AplusA*B Aplus A *B plus 1 
A®B A minus B minus 1 A minus B 
B AeB plus (A + B) AB plus (A + B) plus 1 
AeB) AeB minus 1 AeB 
Logic “1” Aplus A (2 x A) Aplus A (2 X A) plus 1 
A+B Aplus (A +B) Aplus (A+B) plus 1 
A+B Aplus (A + B) Aplus (A+B) plus 1 
A Aminus 1 A 


a. All Input Data Inverted 


Ay Bo Ay By Az B2 Az Bs 
Chea 


Ag Bo Ay By Ap Bz Ay Bs 
ne4 


c. A Input Data Inverted; 
B Input Data True 


Ay Bo Ay By Az 82 As Bs 
nes 





d. A Input Data True; 
B Input Date Inverted 


TreererTrrIeReTrFTrrTerrTrizr Grrr rereprrier rer terizrrritir rer rrrerrerocrijterrorrtqterrrermririricr 
TrrrTIrrTTrrtirrr|rrrrrrrr rrr rigtrr|trrr rrr r rrr er frre jzrrriwirtrrigreiuiirer 
TrIrtTrrrrrTTIrTerPrerr|rTrTrrrrrr rrr rrrrr |r rr rrrer er crrrtrrrrriz~rrrererrrtrrrerererer 
TZETTITITITITrTrPrrrr rrr yrTrrrTrTrTrrrerr rrr err yr rrr rT rr rrr r rrr re |r rrr rTrtrttrerererereerere 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 






















Ta = +25°C cof 
Symbol Parameter Veco = +5.0V oe ba ag 
C = 50 pF bee 
Min Typ Max | Min Max | Min Max_| 

tPLH Propagation Delay 3.0 6.4 8.5 3.0 10.0 3.0 9.5 
tpHL Cy toCr + 4 3.0 6.1 8.0 3.0 9.5 3.0 9.0 
tpLH Propagation Delay 5.0 10.0 13.0 5.0 15.5 5.0 14.0 
tPHL AorBtoCy +4 Sum 4.0 9.4 12.0 3.5 16.5 4.0 13.0 
tPLH Propagation Delay 5.0 10.8 14.0 5.0 17.0 5.0 15.0 
tPHL AorBtoCy +4 Dif 5.0 10.0 13.0 4.0 15.0 5.0 14.0 
tPLH Propagation Delay 3.0 6.7 8.5 2.5 16.0 3.0 - 9.5 
tPHL Cy to F Any 3.0 6.5 8.5 2.5 12.0 3.0 9.5 
tpLH Propagation Delay 3.0 5.7 7.5 2.5 9.0 3.0 8.5 
tpHL AorBorG Sum 3.0 5.8 7.5 2.5 9.5 3.0 8.5 
tPLH Propagation Delay 3.0 6.5 8.5 2.5 11.5 3.0 9.5 
tPpHL AorBtoG Dif 3.0 7.3 9.5 2.5 11.0 3.0 10.5 
tpLH Propagation Delay 3.0 5.0 7.0 2.5 8.5 3.0 8.0 
tPHL AorBtoP Sum 3.0 5.5 7.5 3.0 9.5 3.0 8.5 
tPLH Propagation Delay 3.0 5.8 7.5 2.5 11.0 3.0 8.5 
tepHL AorBtoP Dif 4.0 6.5 8.5 3.0 11.0 4.0 9.5 
tPLH Propagation Delay 3.0 7.0 9.0 3.0 14.5 3.0 10.0 
tPHL A; or B; to F; Sum 3.0 7.2 10.0 3.0 14.5 3.0 10.0 
tpLH Propagation Delay 3.0 8.2 11.0 3.0 17.5 3.0 12.0 
tpHL A; or B; to F; Dif 3.0 5.0 11.0 3.0 14.5 3.0 12.0 
tPLH Propagation Delay ; 4.0 8.0 10.5 3.5 16.5 4.0 11.5 
tPHL AnyAorBtoAnyF Sum 4.0 7.8 10.0 4.0 13.5 4.0 11.0 
tPLH Propagation Delay 4.5 9.4 12.0 3.5 17.5 4.5 13.0 
tpHL AnyAorBtoAnyF Dif 3.5 9.4 12.0 3.0 14.0 3.5 13.0 
tPLH Propagation Delay 4.0 6.0 9.0 3.5 14.5 4.0 10.0 
tPHL AorBtoF — Logic 4.0 6.0 — 10.0 3.0 15.5 4.0 11.0 
tpLH Propagation Delay 11.0 18.5 27.0 8.0 35.0 11.0 29.0 
tpHL AorBtoA=B Dif 6.0 9.8 12.5 5.5 21.0 6.0 13.5 
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ZA National 


Semiconductor 


54F/74F 182 
Carry Lookahead Generator 


General Description 


The ’F182 is a high-speed carry lookahead generator. It is 
generally used with the ’F181 or F381 4-bit arithmetic logic 
units to provide high-speed lookahead over word lengths of 
more than four bits. 


Ordering Code: see Section 5 
Logic Symbols 


Features 


m Provides lookahead carries across a group of four 


ALUs 


@ Multi-level lookahead high-speed arithmetic operation 
over long word lengths 
m Guaranteed 4000V minimum ESD protection 


Connection Diagrams 


Pin Assignment for 
IEEE/IEC DIP, SOIC and Flatpak 


on OOF Ww DH = 


Po Gy Py Gy Pp G2 Pz Gs 


Chex Cos y Cree 


TL/F/9492-3 


Pin Assignment 


Voc 





a 
Chey Cnex NC Ch 7) 


TL/F/9492-1 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


U.L. Input Iya/TL 
HIGH/LOW Output Ion/IoL 


Pin Names Description 


Carry Input 

Carry Generate Inputs (Active LOW) 
Carry Generate Input (Active LOW) 
Carry Generate Input (Active LOW) 
Carry Propagate Inputs (Active LOW) 
Carry Propagate Input (Active LOW) 
Carry Propagate Input (Active LOW) 
Carry Outputs 

Carry Generate Output (Active LOW) 
Carry Propagate Output (Active LOW) 


1.0/2.0 
1.0/14.0 
1.0/16.0 
1.0/8.0 
1.0/8.0 
1.0/6.0 
1.0/4.0 
50/33.3 
50/33.3 
50/33.3 
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TL/F/9492-2 


20 pA/~1.2 mA 
20 wA/—8.4 mA 
20 pA/—9.6 mA 
20 pA/—4.8 mA 
20 pA/—4.8 mA 
20 pA/—3.6 mA 
20 pA/—2.4mA 

—1mA/20 mA 

—1mA/20 mA 

—1mA/20 mA 





c8h 
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Functional Description 


The 'F182 carry lookahead generator accepts up to four 
pairs of Active LOW Carry Propagate (P9-P3) and Carry 
Generate (Go-G3) signals and an Active HIGH Carry input 
(C,) and provides anticipated Active HIGH carries (Cy, + x, 
Cn+y, Cn+z) across four groups of binary adders. The 
‘F182 also has Active LOW Carry Propagate (P) and Carry 
Generate (G) outputs which may be used for further levels 
of lookahead. The logic equations provided at the outputs 
are: 


Ch+y = G + P1Go + PyPoCp, 

Cn+z = Go + PoGy + PoPyGo + PoPyPoCp, 
G = Gg + PgGo + PgPoGy + P3P2P1Go 
p= PPPS 


Ch+x 


Truth Table 


Also, the 'F182 can be used with binary ALUs in an active 
LOW or active HIGH input operand mode. The connections 
(Figure 1) to and from the ALU to the carry lookahead gen- 
erator are identical in both cases. Carries are rippled be- 
tween lookahead blocks. The critical speed path follows the 
circled numbers. There are several possible arrangements 
for the carry interconnects, but all achieve about the same 
speed. A 28-bit ALU is formed by dropping the last F181 or 
F381. 


t 
| 
| 
| 
1 
| 


ie) 
3 
q) 
° 
ul 
° 
2 
= 
©) 
rX) 
w 
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X 
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H 
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x<XOCKITLDIxK KK KOTO TI IL 
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HIGH Voltage Level 
LOW Voltage Level 
= Immaterial 


TrIrtiIrrrer: 


CeoererrirT 





Logic Diagram 


C, C 


n+x n+z 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Po Gy Py Gy Pz Gy Ps G Po Go Py Cy Pz Gy Ps Gy 
C, "F182 c, F182 


Cre x Coe y 


FIGURE 1. 32-Bit ALU with Rippled Carry between 16-Bit Lookahead ALUs 
*ALUs may be either ’F181 or 'F381 
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TL/F/9492-4 


TL/F/9492-5 
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Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) - 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Vcc = OV) 

Standard Output 

TRI-STATE® Output 
Current Applied to Output 

in LOW State (Max) twice the rated lo. (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Input HIGH Voltage 
2.5 


VI 
ViL 


Input LOW Voltage 
Input Clamp Diode Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Vcc 
74F 10% Voc 


Vcop 


VoH Output HIGH 


Voltage 


Output LOW 
Voltage 


VoL 
IH 
Ipvi 


IceEx 


Input LOW 
Current 


los 
Power Supply Current 


Power Supply Current 


IocH 
loci 





2.7 
0.5 
0.5 
Input HIGH 20.0 VIN = 2.7V 
Current 5.0 
Input HIGH Current 100 Qa 
Breakdown Test ie 7.0 M 
Output HIGH 54F 250 
Leakage Current _74F 
Test 
Output Leakage A 
Circuit Current 





18.4 
23.5 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—58°C to + 125°C 
0°C to + 70°C 


+ 4.5V to +5.5V 
+ 4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 


V 
Vv 
Vv lin = —18mA 
loo = —1mA 
log = —1mA 
loo = —imA 


lo. = 20mA 
lo. = 20 mA 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (Cp) 

Vin = 0.5V (P3) 

Vin = 0.5V (Po) 

Vin = 0.5V (G3, Po, Py) 
Vin = 0.5V (Go, Ga) 
Vin = 0.5V (G4) 


Output Shor-Gircuit Current [aoe |e Pe Vour = ov 


28.0 Max 


28.0 


Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C _ 
Parameter Voc = +5.0V i. ae 
C. = 50 pF b=ewe 
Min Typ Max | Min Max | Min Max 


Propagation Delay 3.0 6.6 8.5 3.0 12.0 3.0 9.5 
Ch to Cn+x Ca+ 4 Ch+z 3.0 6.8 9.0 3.0 11.0 3.0 10.0 


Propagation Delay 
Po, Py, or Po to 


Ca+x: Cn+y, OrCr+z 

Propagation Delay 

Go, Gi, or Go to 

Cn+x: Cnty, OrCp+z 

Propagation Delay 10.0 3.0 3.0 11.0 
Py, Po, or P3 toG 8.0 2.5 3.0 9.0 


Propagation Delay 10.5 3.0 3.0 11.5 
G, toG . 7.5 2.5 3.0 8.5 


Propagation Delay 7.5 2.5 3.0 8.5 
P, to P ; 5.5 2.5 2.5 6.5 
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54F/74F 189 64-Bit Random Access 
Memory with TRI-STATE® Outputs 


General Description 


The 'F189 is a high-speed 64-bit RAM organized as a 16- 
word by 4-bit array. Address inputs are buffered to minimize 
loading and are fully decoded on-chip. The outputs are TRI- 
STATE and are in the high impedance state whenever the 
Chip Select (CS) input is HIGH. The outputs are active only 
in the Read mode and the output data is the complement of 
the stored data. 


Ordering Code: see sections 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9493-1 


IEEE/IEC 


aon Pm Oe WwW 


TL/F/9493-4 





Features 

m@ TRI-STATE outputs for data bus applications 
m Buffered inputs minimize loading 

m Address decoding on-chip 

m Diode clamped inputs minimize ringing 

g@ Available in SOIC, (300 mil only) 


Connection Diagrams 


Pin Assignment 
for LCC 


Dy Og NC Dp WE 





LAA 
14) 65) fe 1 bal 
Os Ds NC As Ay 


TL/F/9493-2 
TL/F/9493-3 


Unit Loading/ Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


Description 


Address Inputs 

Chip Select Input (Active LOW) 
Write Enable Input (Active LOW) 
Data Inputs 

Inverted Data Outputs 





U.L. Input Iyy/Tie 
HIGH/LOW Output Ion/lot 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
150/40 (33.3) 


20 pA/—0.6 mA 

20 pA/—1.2 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 
—3.0 mA/24 mA (20 mA) 
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Function Table 


aw Operation Condition of Outputs 


Write High Impedance 
Read Complement of Stored Data 
Inhibit High Impedance 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


Block Diagram 


16=WORD x 4=BiT 
DECODER ADDRESS MEMORY CELL 


DRIVERS DECODER 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage 


Input LOW Voltage 


Vi 
ViL 
Vep 


VoH Output HIGH 


Voltage 


54F 10% Vcc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


54F 
74F 


54F 
74F 


54F 
74F 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 


Test ane 


Output Leakage 
Circuit Current 


Input LOW Current 


74F 


Output Leakage Current 


Symbol Parameter pahsTaF 
Min Typ Max 


Input Clamp Diode Voltage Vv 
2.5 





> 

™N 

oi 
I | wo 
=o] N Ss 
yo] 


p80 || Max | 
| OutputLeakage Curent | 80 | A | Max | 
| Output short-circuit Curent | 60-150 | ma _| 
| BusDrainageTest_ | 800 |__| cov | 
| PowerSupply Curent | a7 85 | mA | Max 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+4.5V to +5.5V 


Vcc Conditions 


Vv 
V 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


log = —1mA 
lon = —3MA 
log = —1mMA 
lon = —3mMA 
loH = —1mMA 
loy = —3mA 


lol = 20mA 
lo. = 24mA 


VIN = 2.7V 


Vin = 7.0V 


np 
Qi 
fo) 


Vout = Vcc 


a= 
> 


hp = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (except CS) 
Vin = 0.5V (CS) 


Vout = 2.7V 
Vout = 0.5V 
Vout = 9V 
VouT = 5.25V 
Vo = HIGHZ 


: 


= = 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C. = 50 pF 


*Ta, Voc = Mil 
C_ = 50 pF 


Access Time, HIGH or LOW 10.0 18.5 26.0 9.0 32.0 10.0 
An to On 8. 13.5 19.0 8.0 23.0 8.0 


Access Time, HIGH or LOW 3. 6.0 8.5 3.5 10.5 3.5 
CS to 0, 5.0 9.0 13.0 5.0 15.0 5.0 
Disable Time, HIGH or LOW 4.0 6.0 2.0 8.0 2.0 
CS to 0, 


0 
5 
0 
0 5.5 8.0 2.5 10.0 3.0 
5 
5 
0 
0 


2 
3 
Write Recovery Time, 6. 15.0 28.0 6.5 37.5 6.5 
HIGH or LOW WE to O,, 6. 11.0 15.5 6.5 17.5 6.5 
Disable Time, HIGH or LOW 4, 
WE to 0, 5 


AC Operating Requirements: see Section 2 for Waveforms 


74F 
Ta = +25°C 
Parameter Vec = +5.0V 


Setup Time, HIGH or LOW 
An to WE 


Hold Time, HIGH or LOW 
An to WE 


7.0 10.0 3.5 12.0 4.0 
9.0 13.0 5.0 15.0 5.0 


Setup Time, HIGH or LOW 
D, to WE 


Hold Time, HIGH or LOW 
D, to WE 

Setup Time, LOW 
CS to WE 

Hold Time, LOW 

CS to WE 


WE Pulse Width, LOW 


*Ta = —40°C to +125°C 
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Semiconductor 
54F/74F190 


Up/Down Decade Counter with Preset and Ripple Clock 


General Description 


‘The ’F190 is a reversible BCD (8421) decade counter fea- 
turing synchronous counting and asynchronous presetting. © 


The preset feature allows the 'F190 to be. used in program- 
mable dividers. The Count Enable input, the Terminal Count 
output and the Ripple Clock output make possible a variety 
of methods of implementing multistage counters. In the 
counting modes, state changes are initiated by the rising 
edge of the clock. 


Ordering Code: See Section 5 : 
Logic Symbols 





TL/F/9494-1 


IEEE/IEC 


on non WN + 


M2 [DOWN] 2(CT=0)z6 
3(cT=9)Z6 


TL/F/9494-4 


Pin Assignment for 
DIP, SOIC and Flatpak 


Features 

m High-speed—125 MHz typical count frequency 
@ Synchronous counting 

mw Asynchronous parallel load 

m™ Cascadable 


Connection Diagrams 


Pin Assignment 
for LCC 


Q,U/D NC CE Q% 
BOHR 
bal] 





TL/F/9494-2 TL/F/9494~3 


Unit Loading/Fan Out: see Section 2 for ULL. Definitions 


54F/74F 


U.L. Input fyH/liL 
HIGH/LOW | Output Ion/lo. 


Pin Names Description 


Count Enable Input (Active LOW) 
Clock Pulse Input (Active Rising Edge) 
Parallel Data Inputs 


Asynchronous Parallel Load Input (Active LOW) 


Up/Down Count Control Input 
Flip-Fiop Outputs 

Ripple Clock Output (Active LOW) 
Terminal Count Output (Active HIGH) 


1.0/3.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 
50/33.3 


20 pA/—1.8 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
—1mA/20 mA 
—1mA/20 mA 
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Functional Description 


The ’F190 is a synchronous up/down BCD decade counter 
containing four edge-triggered flip-flops, with internal gating 
and steering logic to provide individual preset, count-up and 
count-down operations. It has an asynchronous parallel 
load capability permitting the counter to be preset to any 
desired number. When the Parallel Load (PL) input is LOW, 
information present on the Parallel Data inputs (Po9-P3) is 
loaded into the counter and appears on the Q outputs. This 
operation overrides the counting functions, as indicated in 
the Mode Select Table. A HIGH signa! on the CE input inhib- 
its counting. When CE is LOW, internal state changes are 
initiated synchronously by the LOW-to-HIGH transition of 
the clock input. The direction of counting is determined by 
the U/D input signal, as indicated in the Mode Select Table, 
CE and U/D can be changed with the clock in either state, 
provided only that the recommended setup and hold times 
are observed. 
RC Truth Table 


*TC is generated internally 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

— = LOW-to-HIGH Clock Transition 
“LD = LOW Pulse 


State Diagram 
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Two types of outputs are provided as overflow/underflow 
indicators. The Terminal Count (TC) output is normally LOW 
and goes HIGH when a circuit reaches zero in the count- 
down mode or reaches 9 in the count-up mode. The TC 
output will then remain HIGH until a state change occurs, 
whether by counting or presetting or until U/D is changed. 
The TC output should not be used as a clock signal be- 
cause it is subject to decoding spikes. The TC signal is also 
used internally to enable the Ripple Clock (RC) output. The 
RC output is normally HIGH. When CE is LOW and TC is 
HIGH, the RC output will go LOW when the clock next goes 
LOW and will stay LOW until the clock goes HIGH again. 
This feature simplifies the design of multistage counters. 
For a discussion and illustrations of the various methods of 
implementing multistage counters, please see the ’F191 
data sheet. 


Mode Select Table 


Count Up 

Count Down 
Preset (Asyn.) 

No Change (Hold) 


COUNT UP———> 
18 | COUNT DOWN-- = 
TL/F/9494-5 
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Logic Diagram 


(Pe tte ai 
en 


Yt YE ek cae : e 


ee eren Mesetc ee 


me 1 ; TLock H | Ff. CLOCK 1 eu K 
A i oer a (aes oer ORPRESET CLEARIO OUPRESET CLEARIO 
Q Q Q Q 


VV VV / V4 





Re 8='‘TC Q Q Q) Qs 
TL/F/9494-6 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to +175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Vcc 
74F 10% Vcc 
74F 5% Voc 


54F 10% Voc 
74F 10% Vcc 


a 


Vep 
Vou 


Voltage 





Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


VoL 


Ts 


levi 


IcEXx 


Vip Input Leakage 


Test 


Output Leakage 
Circuit Current 


Input LOW Current 


Output Short-Circuit Current 
Power Supply Current 


~I 
- 


54F/74F 


mp ny 
N Oo oO 
N asloo | 
(oe) oO aa io 


| oo 
oa 2 ~ 
oo a 


ao 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4,5V to +5.5V 


Conditions 


= 
2 
x 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
iin = —18mA 


lon = —1mMA 
lon = —1mMA 
lon = —1mA 
lo. = 20 mA 
lo. = 20mA 


Vin = 2.7V 


= 


Vin = 7.0V 


nh 
oa 
oO 


Vout = Vcc 


($2) 
[o) 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V, except CE 
Vin = 0.5V, CE 


Vout = 9V 
= LOW 


3 3 = = = — 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Pear Paar | = 


Ta = +25°C 7 
Parameter Vec = +5.0V 1" ho = 
C, = 50 pF ed 


Typ Max | Min Max _| Min Max_| 


Maximum Clock Frequency 75 | MHz | 
0 8.5 
5.0 12.0 
6.0 


Propagation Delay 3.0 5.5 7.5 3.0 9.5 3 
CP to Q, 5.0 8.5 11.0 5.0 13.5 


Propagation Delay 6.0 10.0 13.0 6.0 16.5 . 14.0 
CP to TC 5.0 8.5 11.0 5.0 13.5 5.0 12.0 


Propagation Delay 3.0 5.5 7.5 3.0 9.5 3.0 8.5 

CP to RC 3.0 5.0 7.0 3.0 9.0 3.0 8.0 

Propagation Delay 3.0 5.0 7.0 3.0 9.0 3.0 8.0 

CE to RC 3.0 55 7.0 3.0 9.0 3.0 8.0 

Propagation Delay 7.0 11.0 18.0 7.0 22.0 7.0 20.0 

U/D to RC 5.5 9.0 12.0 5.5 14.0 5.5 13.0 
4.0 


Propagation Delay 4.0 7.0 10.0 4.0 13.5 . 11.0 
U/D to TC 4.0 6.5 10.0 4.0 12.5 4.0 11.0 


Propagation Delay 3.0 45 7.0 3.0 9.0 3.0 8.0 
P, toQn 6.0 10.0 13.0 6.0 16.0 6.0 14.0 
Propagation Delay 5.0 8.5 11.0 5.0 13.0 5.0 12.0 
PL toQ, 5.5 9.0 12.0 5.5 14.5 5.5 13.0 


AC Operating Requirements: see Section 2 for Waveforms 


Parameter 


Setup Time, HIGH or LOW 
Py, to PL 


Hold Time, HIGH or LOW 
P, to PL 


Setup Time, LOW 
CE to CP 


CE to CP 


Setup Time, HIGH or LOW 12.0 
U/D to CP 12.0 


Hold Time, HIGH or LOW 
U/D to CP 


PLPulseWidthLow | 60 | 


CP Pulse Width, LOW 
Recovery Time PL to CP 
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G4 National 


Semiconductor 


54F/74F191 


Up/Down Binary Counter with Preset and Ripple Clock 


General Description 


The 'F191 is a reversible modulo-16 binary counter featur- 
ing synchronous counting and asynchronous presetting. 
The preset feature allows the 'F191 to be used in program- 
mable dividers. The Count Enable input, the Terminal Count 
output and Ripple Clock output make possible a variety of 
methods of implementing multistage counters. In the count- 
ing modes, state changes are initiated by the rising edge of 
the clock. 


Ordering Code: see sections 
Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


TL/F/9495~1 
IEEE/IEC 


1 

2 
3 
4 
5 
6 
7 
8 


CTRDIV16 


M2 [DOWN] 2(CT=0)Z6 
3(CT=15)Z6 


TL/F/9495-4 


Features 

m High-Speed—125 MHz typical count frequency 
m@ Synchronous counting 

m Asynchronous parallel load 

m Cascadable 


Connection Diagrams 


Pin Assignment 
for LCC 


Q,U/DNC CE 
eeateyeyes| 
oan 8 





TL/F/9495-2 TL/F/9495-3 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Pin Names Description 


Count Enable Input (Active LOW) 

Clock Pulse Input (Active Rising Edge) 

Parallel Data Inputs 

Asynchronous Parallel Load Input (Active LOW) 
Up/Down Count Control Input 

Flip-Flop Outputs 

Ripple Clock Output (Active LOW) 

Terminal Count Output (Active HIGH) 


54F/74F 


U.L. Input WA/hit 
HIGH/LOW | Output IoxH/lo. 


1.0/3.0 | 20 ,pA/—-1.8 mA 
1.0/1.0 | 20 pA/—0.6 mA 
1.0/1.0 |20 pA/—0.6 mA 
1.0/1.0 | 20 pA/—0.6 mA 
1.0/1.0 | 20 pA/—0.6 mA 
50/33.3 | —1mA/20mA 
50/33.3 | —1mA/20mA 
50/33.3 | —1mA/20mA 
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191 


Functional Description 


The ’F191 is a synchronous up/down 4-bit binary counter. It 
contains four edge-triggered flip-flops, with internal gating 
and steering logic to provide individual preset, count-up and 
count-down operations. 


Each circuit has an asynchronous parallel load capability 
permitting the counter to be preset to any desired number. 
When the Parallel Load (PL) input is LOW, information pres- 
ent on the Parallel Data inputs (Po-P3) is loaded into the 
counter and appears on the Q outputs. This operation over- 
rides the counting functions, as indicated in the Mode Se- 
lect Table. 

A HIGH signal on the CE input inhibits counting. When CE is 
LOW, internal state changes are initiated synchronously by 
the LOW-to-HIGH transition of the clock input. The direction 
of counting is determined by the U/D input signal, as indi- 
cated in the Mode Select Table. CE and U/D can be 


changed with the clock in either state, provided only that the 


recommended setup and hold times are observed. 


Two types of outputs are provided as overflow/underflow 
indicators. The Terminal Count (TC) output is normally LOW 
and goes HIGH when a circuit reaches zero in the count- 
down mode or reaches 15 in the count-up mode. The TC 
output will then remain HIGH until a state change occurs, 
whether by counting or presetting or until U/D is changed. 
The TC output should not be used as a clock signal be- 
cause it is subject to decoding spikes. 


The TC signal is also used internally to enable the Ripple 
Clock (RC) output. The RC output is normally HIGH. When 
CE is LOW and TC is HIGH, the RC output will go LOW 
when the clock next goes LOW and will stay LOW until the 
clock goes HIGH again. This feature simplifies the design of 
multistage counters, as indicated in Figures 7 and 2. In Fig- 
ure 1, each RC output is used as the clock input for the next 
higher stage. This configuration is particularly advantageous 
when the clock source has a limited drive capability, since it 
drives only the first stage. To prevent counting in all stages 
it is only necessary to inhibit the first stage, since a HIGH 
signal on CE inhibits the RC output pulse, as indicated in the 
RC Truth Table. A disadvantage of this configuration, in 
some applications, is the timing skew between state chang- 
es in the first and last stages. This represents the cumula- 
tive delay of the clock as it ripples through the preceding 
stages. 
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A method of causing state changes to occur simultaneously 
in all stages is shown in Figure 2. All clock inputs are driven 
in parallel and the RC outputs propagate the carry/borrow 
signals in ripple fashion. In this configuration the LOW state 
duration of the clock must be long enough to allow the neg- 
ative-going edge of the carry/borrow signal to ripple through 
to the last stage before the clock goes HIGH. There is no 
such restriction on the HIGH state duration of the clock, 
since the RC output of any device goes HIGH shortly after 
its CP input goes HIGH. . 


The configuration shown in Figure 3 avoids ripple delays 
and their associated restrictions. The CE input for a given 
stage is formed by combining the TC signals from all the 
preceding stages. Note that in order to inhibit counting an 
enable signal must be included in each carry gate. The sim- 
ple inhibit scheme of Figures 7 and 2 doesn’t apply, be- 
cause the TC output of a given stage is not affected by its 
own CE. 


Mode Select Table 


Count Up 

Count Down 
Preset (Asyn.) 

No Change (Hold) 


*TC is generated internally 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

~Y = LOW-to-HIGH Clock Transition 
“LF = LOW Pulse 





L6L 


Logic Diagram 


a 


Ls 2 r 
OJPRESET CLEAR IO 
Q Q 


RC TC Q 
TL/F/9495-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


DIRECTION 
CONTROL 


TL/F/9495-6 


DIRECTION 
CONTROL 


TL/F/9495-7 
FIGURE 2. Synchronous n-Stage Counter Using Ripple Carry/Borrow 


DIRECTION 
CONTROL 


ENABLE 





TL/F/9495-8 
FIGURE 3. Synchronous n-Stage Counter with Gated Carry/Borrow 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


VIH 
ViL 


Vcp 


VoH Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Input HIGH 
Current 


Vot 


UH 


IBvi 


IcEx 


Input HIGH Voltage [ee | 
Input LOW Voltage | lw | | 
Input Clamp Diode Voltage | __ ate |v | i | 


Input HIGH Current 100 

Breakdown Test 7.0 

Output HIGH A 

Leakage Current ae ft 

Input Leakage 74F 4.75 Vv 

Test 

Output Leakage 

Input LOW Current : eat 


Output Short-Circuit Current 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to + 5.5V 
+4,5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mA 


lo. = 20mA 
lol = 20 mA 


VIN = 2.7V 
Vin = 7.0V 


Vout = Voc 


lip = 1.9 pA, 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (except CE) 
Vin = 0.5V (CE) 


Vout = OV 


Power Supply Current | See 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 


Maximum Count Frequency 


Propagation Delay 3.0 5.5 7.5 3.0 
CP to Qh 5.0 8.5 11.0 5.0 


Propagation Delay 10.0 13.0 6.0 
CP to TC 8.5 11.0 5.0 


Propagation Delay . : 
CP to RC : 3.0 


Propagation Delay 5.0 7.0 3.0 
CE to RC 5.5 7.0 3.0 


Propagation Delay 11.0 18.0 : : 
U/D to RC 9.0 12.0 


Propagation Delay 7.0 10.0 4.0 
U/D to TC 6.5 10.0 4.0 


Propagation Delay 4.5 7.0 E ; 
Pp to Qn 10.0 13.0 


Propagation Delay 8.5 11.0 
PL to Qn 9.0 12.0 7 


AC Operating Requirements: © See Section 2 for Waveforms 


se 


16.5 os 
13.5 


22.0 
14.0 


13.5 
12.5 


iG 


13.0 
14.5 


ET ee ae eee ee 


Ta = +25°C 


Parameter Voc = +5.0V 


Setup Time, HIGH or LOW 
P, to PL 


Setup Time LOW 
CE to CP 


Hold Time LOW 
CE to CP 


Hold Time, HIGH or LOW 
U/D to CP 


CP Pulse Width LOW 


Recovery Time 
PL to CP 
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Ta; Vcc = Mil 


6.0 
6.0 
Hold Time, HIGH or LOW 
P, to PL 


Ta, Voc = Com 


Setup Time, HIGH or LOW 12.0 12.0 12.0 
U/D to CP 12.0 12.0 12.0 


PI Pulse Width LOW a ee 
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Semiconductor 


ZA National 


54F/74F192 
Up/Down Decade Counter 


with Separate Up/Down Clocks 


General Description 


The ’F192 is an up/down BCD decade (8421) counter. Sep- 
arate Count Up and Count Down Clocks are used, and in 
either counting mode the circuits operate synchronously. 
The outputs change state synchronously with the LOW-to- 
HIGH transitions on the clock inputs. : 


Ordering Code: see Section 5 


Logic Symbols 


’ Pin Assignment for 
DIP, SOIC and Flatpak 


OP. Po Py Po Ps 
CPy 


CP MR Q Qy Qp Qs 





TL/F/9496-3 


IEEE/IEC 


CTRDIVIO 


1 

2 
3 
4 
5 
6 
7 
8 


TL/F/9496-6 


Separate Terminal Count Up and Terminal Count Down out- 
puts are used as the clocks for a subsequent stage without 
extra logic, thus simplifying multistage counter designs. Indi- 
vidual preset inputs allow the circuit to be used as a pro- 
grammable counter. Both the Parallel Load (PL) and the 
Master Reset (MR) inputs asynchronously override the 
clocks. 


Connection Diagrams 


Pin Assignment 
for LCC 


Q, CPy NC CPp Oy 
ea ka 3 EE) 
thd 





TL/F/9496-1 
TL/F/9496-2 


Unit Loading/Fan Out: See Section 2 for U.L. Definitions 


Description 


Count Up Clock Input (Active Rising Edge) 
Count Down Clock Input (Active Rising Edge) 
Asynchronous Master Reset Input (Active HIGH) 
Asynchronous Parallel Load Input (Active LOW) 
Parallel Data Inputs 

Flip-Flop Outputs 


Terminal Count Down (Borrow) Output (Active LOW) 


Terminal Count Up (Carry) Output (Active LOW) 


54F/74F 


U.L. Input Fyy/he 
HIGH/LOW| Output Iox/loL 


1.0/3.0 
1.0/3.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 
50/33.3 


—1mA/20 mA 
—1mA/20 mA 
—1mA/20 mA 
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Functional Description 


The 'F192 is an asynchronously presettable decade coun- 
ter. It contains four edge-triggered flip-flops, with internal 
gating and steering logic to provide master reset, individual 
preset, count up and count down operations. 


A LOW-to-HIGH transition on the CP input to each flip-flop 
causes the output to change state. Synchronous switching, 
as opposed to ripple counting, is achieved by driving the 
steering gates of all stages from a common Count Up line 
and a common Count Down line, thereby causing all state 
changes to be initiated simultaneously. A LOW-to-HIGH 
transition on the Count Up input will advance the count by 
one; a similar transition on the Count Down input will de- 
crease the count by one. While counting with one clock in- 
put, the other should be held HIGH, as indicated in the 
Function Table. Otherwise, the circuit will either count by 
twos or not at all, depending on the state of the first flip-flop, 
which cannot toggle as long as either clock input is LOW. 


The Terminal Count Up (TCy) and Terminal Count Down 
(TCp) outputs are normally HIGH. When the circuit has 
reached the maximum count state 9, the next HIGH-to-LOW 
transition of the Count Up Clock will cause TCy to go LOW. 
TCy will stay LOW until CPy goes HIGH again, thus effec- 
tively repeating the Count Up Clock, but delayed by two 
gate delays. Similarly, the TCp output will go LOW when the 
circuit is in the zero state and the Count Down Clock goes 
LOW. Since the TC outputs repeat the clock waveforms, 
they can be used as the clock input signals to the next 
higher order circuit in a multistage counter. 
TCy = Qo * Q3 ° CPy 
TCp = Qo * Q; * Q2 ° Q3 * CPp 

The ’F192 has an asynchronous parallel load capability per- 
mitting the counter to be preset. When the Parallel Load 
(PL) and the Master Reset (MR) inputs are LOW, informa- 
tion present on the Parallel Data input (P9—P3) is loaded 
into the counter and appears on the outputs regardless of 
the conditions of the clock inputs. A HIGH signal on the 
Master Reset input will disable the preset gates, override 
both clock inputs, and latch each Q output in the LOW state. 
If one of the clock inputs is LOW during and after a reset or 


load operation, the next LOW-to-HIGH transition of that 
clock will be interpreted as a legitimate signal and will be 
counted. 

Function Table 


Reset (Asyn.) 
Preset (Asyn.) 
No Change 
Count Up 
Count Down 
IGH Voltage Level 
LOW Voltage Level 


= Immaterial 
~ = LOW-to-HIGH Clock Transition 


State Diagram 





———»> COUNT UP 


----* COUNT DOWN 
TL/F/9496-4 
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Logic Diagram 
Tey 


Tey 
(CARRY) (BORROW) 


TL/F/9496-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage Pd 
Input LOW Voltage | ts 
Input Clamp Diode Voltage 8 


Vin 
ViL 


Output HIGH 54F 10% Vcc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Veco 


54F 
74F 


VoH 


Voltage 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


VoL 


NH 


IBvI 
oe 


Icex Output HIGH A 
Leakage Current : 
Input Leakage TAF 475 Vv 
Test 
Output Leakage 
—0.6 
—1.8 
Output Short-Circuit Current = 
Power Supply Current eee 


Input LOW Current 


54F/74F 
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Recommended Operating 


Conditions 
Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+4,.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —imA 
lon = —1mA 
lon = —1imA 
20 mA 
20 mA 


2.7V 


lo. = 
oi. = 
Vin = 


: . Vin = 7.0V 


= 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V, Except CPy,, CPp 
ee = 0.5V, CPy, CPp 


Vout = 0V 
Vo = LOW 





26h 


192 


Parameter Vec = +5.0V 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta; Vec = Mil 


CL = 50 pF 





CL = 50 pF 


Min Typ Max | Min Max | Min Max _| 
Maximum Clock Frequency | 100 125 pt sod | 


Propagation Delay CPy or _ 7.0 
CPp to TCy or TCp 6.0 


Propagation Delay 6.5 
CPy or CPp to Q, 9.5 


Propagation Delay 4.5 
Py to Qn 11.0 


Propagation Delay 8.5 
PL to Qn 10.0 


Propagation Delay 
MR to Q, 


Propagation Delay 
MR to TCy 


Propagation Delay 
MR to TCp 


Propagation Delay 12.0 
PL to TCy or TCp 11.5 


Propagation Delay 11.5 
P,, to TCy or TCp : 11.0 


Sa = +25°C 


Parameter Veo = +5.0V 


Setup Time, HIGH or LOW 
P, to PL 

Hold Time, HIGH or LOW 
P,, to PL 


PL Pulse Width, LOW 


CPyorCPp 
Pulse Width, LOW 
CPy or CPp 
10.0 


Pulse Width, LOW 
(Change of Direction) 


MR Pulse Width, HIGH 


Recovery Time 
PL to CPy or CPp 
Recovery Time 
MR to CPy or CPp 


4- 


9.0 
8.0 


8.5 
12.5 


7.0 
14.5 


11.0 
13.0 


15.5 
14.5 


14.5 
14.0 


4.0 
3.5 


4.0 
5.5 


3.0 
6.0 


= 


7.0 
6.5 


ce a 


10.0 4.0 9.5 
14.0 5.5 13.5 

3.0 8.0 
ee 0 15.5 
13.5 0 12.0 
15.0 5 14.0 


5. 
18.5 7.0 16.5 
17.5 7.0 15.5 
0 
5 


6. re 
ao fo 
16.5 7. 15.5 
16.5 6. 15.0 
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Ta, Vcc = Mil 


Ta, Vcc = Com 





ZA National 


Semiconductor 


54F/74F 193 Up/Down Binary Counter 
with Separate Up/Down Clocks 


General Description 


The ’F193 is an up/down modulo-16 binary counter. Sepa- 
rate Count Up and Count Down Clocks are used, and in 
either counting mode the circuits operate synchronously. 
The outputs change state synchronously with the LOW-to- 
HIGH transitions on the clock inputs. Separate Terminal 
Count Up and Terminal Count Down outputs are provided 
that are used as the clocks for subsequent stages without 
extra logic, thus simplifying multi-stage counter designs. 


Ordering Code: See Section 5 
Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9497-1 


ant mone WD 


Qs 
TL/F/9497-4 


Individual preset inputs allow the circuit to be used as a 
programmable counter. Both the Parallel Load (PL) and the 
Master Reset (MR) inputs asynchronously override the 
clocks. 


Features 
m Guaranteed 4000V minimum ESD protection 


Connection Diagrams 
Pin Assignment 
for LCC 


Qp CPy NC CPp A 
2) te) 5) 4) 
hd hal ad 


/F/9497-2 
ie TL/F/9497-3 


Unit Loading/Fan Out: see Section 2 for U.L. ee oe 


Pin Names Description ULL. Input yy/TiL 
HIGH/LOW| Output Iox/loL 


Count Up Clock Input (Active Rising Edge) 
Count Down Clock Input (Active Rising Edge) 
Asynchronous Master Reset Input (Active HIGH) 
Asynchronous Parallel Load Input (Active LOW) 
Parallel Data Inputs 

Flip-Flop Outputs 


Terminal Count Down (Borrow) Output (Active LOW) 


Terminal Count Up (Carry) Output (Active LOW) 


| BaF/74F 74F 


1.0/3.0 
1.0/3.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 
50/33.3 


20 pA/-1.8 mA 
20 pA/—-1.8 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
—1mA/20 mA 
—1mA/20 mA 
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Functional Description 


The 'F193 is a 4-bit binary synchronous up/down (revers- 
ible) counter. It contains four edge-triggered flip-flops, with 
internal gating and steering logic to provide master reset, 
individual preset, count up and count down operations. 


A LOW-to-HIGH transition on the CP input to each flip-flop 
causes the output to change state. Synchronous switching, 


as opposed to ripple counting, is achieved by driving the 


steering gates of all stages from a common Count Up line 
and a common Count Down line, thereby causing all state 
changes to be initiated simultaneously. A LOW-to-HIGH 
transition on the Count Up input will advance the count by 
one; a similar transition on the Count Down input will de- 
crease the count by one. While counting with one clock in- 
put, the other should be held HIGH, as indicated in the 
Function Table. 


The Terminal Count Up (TCy) and Terminal Count Down 
(TCp) outputs are normally HIGH. When the circuit has 
reached the maximum count state 15, the next HIGH-to- 
LOW transition of the Count Up Clock will cause TCy to go 
LOW. TCy will stay LOW until CPy goes HIGH again, thus 
effectively repeating the Count Up Clock, but delayed by 
two gate delays. Similarly, the TCp output will go LOW when 
the circuit is in the zero state and the Count Down Clock 
goes LOW. Since the TC outputs repeat the clock wave- 
forms, they can be used as the clock input signals to the 
next higher order circuit in a multistage counter. 


TCy = Qo* Qy *Q2* Q3°CPy 
TCp = Qo * Qy * Qo ° G3 ° CPp 
The ’F193 has an asynchronous parallel load capability per- 


mitting the counter to be preset. When the Parallel Load 
(PL) and the Master Reset (MR) inputs are LOW, informa- 


tion present on the Parallel Data input (P9-P3) is loaded 
into the counter and appears on the outputs regardless of 
the conditions of the clock inputs. A HIGH signal on the 
Master Reset input will disable the preset gates, override 
both clock inputs, and latch each Q output in the LOW state. 





If one of the clock inputs is LOW during and after a reset or 
load operation, the next LOW-to-HIGH transition of that 
clock will be interpreted as a legitimate signal and will be 
counted. 


Function Table 


Reset (Asyn.) 
Preset (Asyn.) 


No Change 
Count Up 
Count Down 
IGH Voltage Level 
LOW Voltage Level 


= Immaterial 
~/ = LOW-to-HIGH Clock Transition 


State Diagram 


———> COUNT UP 


----* COUNT DOWN 
TL/F/9497-5 





Logic Diagram 
ie Ty 
(CARRY) (BORROW) 


TL/F/9497-6 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 

Ground Pin 

Input Voltage (Note 2) 
Input Current (Note 2) 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage 
a Input LOW Voltage 


Vep Input Clamp Diode Voltage 


Vou Output HIGH 54F 10% Voc 2.5 
74F 10% Voc ; : 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





VoL Output LOW 
Voltage 


li Input HIGH 
Current 


IBvI Input HIGH Current 
Breakdown Test 


ICEX Output HIGH 
Leakage Current 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW Current 


Output Short-Circuit Current 
Power Supply Current 


UT 
a 
° 
- 
> 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+ 4.5V to + 5.5V 


Conditions 


ate —— 2 Recognized as a HIGH Signal 
pee |v |__| Recognized as a LOW Signal 


IN = —18mA 


lon = —1mA 
loo = —imA 
lon = —1mA 
lol = 20mA 
lo. = 20mA 


Vin = 2.7V 


il 


Vin = 7.0V 
Vout = Voc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (MR, PL, Py) 
Vin = 0.5V (CPy, CPp) 


Vout = OV 


B 
> 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C. = 50 pF 


Ta;s Vec = Mil 
C_ = 50 pF 


= 
N 


Propagation Delay 7.0 
CPy or CPp to 6.0 
TCy or TCp 


Propagation Delay 4.0 6.5 8.5 3.5 10.0 4.0 
CPy or CPp to Qn 5.5 9.5 12.5 5.5 14.0 5.5 13.5 


Propagation Delay 3.0 4.5 7.0 3.0 8.5 3.0 8.0 
Pp to Qn 11.0 14.5 6.0 16.5 6.0 15.5 


6.0 
Propagation Delay 5.0 8.5 11.0 5.0 13.5 5.0 12.0 
PL to Qn 5.5 10.0 13.0 5.5 15.0 5.5 14.0 
Propagation Delay 
MR toQ, 5.5 11.0 14.5 5.0 16.0 5.5 15.5 
Propagation Delay 
MR to TCy 6.0 10.5 13.5 5.0 15.0 6.0 14.5 
Propagation Delay 
= . ; F A . ; 15.5 
MR to TGp 0 11.5 14.5 6.0 16.0 6.0 
0 
0 
0 


12.0 - 15.5 7.0 18.5 7.0 16.5 
PL to TCy or TCp 11.5 14.5 6.0 17.5 7.0 15.5 


Propagation Delay 11.5 14.5 6.0 16.5 7.0 15.5 
P, to TCy or TCp 6.5 11.0 14.0 5.0 16.5 6.5 15.0 


6 
Propagation Delay 7. 
7 
7 


AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C oar = 
Parameter Veco = +5.0V Ta, Vec = Mil Ta, Vcc = Com 


Setup Time, HIGH or LOW 4.5 5 

P, to PL 4.5 6 

Hold Time, HIGH or LOW 2.0 : 

P, to PL 2.0 A 
0 


fo) 
oO 


PL Pulse Width, LOW 


CPy or CPp 
Pulse Width, LOW 1 
(Change of Direction) 


=) 
n 


CPy or CPp 
Pulse Width, LOW 


0 
: os 


Recovery Time 

PL to CPy or CPp 
Recovery Time 
MR to CPy or CPp 


7.0 
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ZA National 


Semiconductor 


54F/74F 194 


4-Bit Bidirectional Universal Shift Register 


General Description 


The ’F194 is a high-speed 4-bit bidirectional universal shift 
register. As a high-speed, multifunctional, sequential build- 
ing block, it is useful in a wide variety of applications. It may 
be used in serial-serial, shift left, shift right, serial-parallel, 
parallel-serial, and parallel-paralle! data register transfers. 
The 'F194 is similar in operation to the 'F195 universal shift 
register, with added features of shift left without external 
connections and hold (do nothing) modes of operation. 


Ordering Code: see sections 


Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


IEEE/IEC 


aon Dnaonrnrwnpy = 


TL/F/9498~-3 


Features 

@ Typical shift frequency of 150 MHz 

m Asynchronous master reset 

m@ Hold (do nothing) mode 

a Fully synchronous serial or parallel data transfers 


Connection Diagrams 


Pin Assignment 
for LCC 


Py P2 NC Py Py 
Be 4 
nn 8 8 





4 03) fe) 2 oe 
CP Qs NC Q, Q 


98- 
IES TL/F/9498-2 


Unit Loading/Fan Out: see section 2 for U.L. Definitions 


Description 


Mode Control Inputs 

Parallel Data Inputs 

Serial Data input (Shift Right) 

Serial Data Input (Shift Left) 

Clock Pulse Input (Active Rising Edge) 
Asynchronous Master Reset Input (Active LOW) 
Parallel Outputs 


54F/74F 


ULL. Input lin/lie 
HIGH/LOW | Output Ion/loL 


1.0/1.0 | 20pA/—0.6 mA 
1.0/1.0 | 20pA/—0.6mA 
1.0/1.0 | 20pA/—0.6 mA 
1.0/1.0 | 20pA/—0.6 mA 
1.0/1.0 | 20pA/—0.6 mA 
1.0/1.0 | 20A/—0.6 mA 
50/33.3 —1mA/20 mA 
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Functional Description 


The ‘F194 contains four edge-triggered D flip-flops and the 
necessary interstage logic to synchronously perform shift 
right, shift left, parallel load and hold operations. Signals 
applied to the Select (Sp, S;) inputs determine the type of 
operation, as shown in the Mode Select Table. Signals on 
the Select, Parallel data (P9-P3) and Serial data (Dsp, Ds) 


inputs can change when the clock is in either state, provid- 
ed only that the recommended setup and hold times, with 
respect to the clock rising edge, are observed. A LOW sig- 
nal on Master Reset (MR) overrides all other inputs and 
forces the outputs LOW. 


Mode Select Table 


Operating 


Reset 
Hold 
Shift Left 


Shift Right 


Parallel Load 


H (h) = High Voltage Level 
L (I) = Low Voltage Level 


Outputs 


aca cea 


L L 


q1 q2 


G2 q3 
q2 q3 


qo a1 
do a1 


P41 P2 


Pn (Gn) = Lower case letters indicate the state of the referenced input (or output) one setup time prior to the LOW-to-HIGH clock transition. 


X = Immaterial 


Logic Diagram 


aus 
PII) 


TL/F/9498~4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) 
lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 58°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vi Input HIGH Voltage 
Vit Input LOW Voltage 


Vop 


Vou Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW Current 
Output Short-Circuit Current 
Power Supply Current 


Input Clamp Diode Voltage 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+ 4,5V to + 5.5V 
+ 4,5V to + 5.5V 


54F/74F 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
in = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mMA 


lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 
Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 
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AC Electrical Characteri 


StiCS: See Section 2 for Waveforms and Load Configurations 


Ta = +25°C a 
Voc = +5.0V Ta, Vec = Mil 


C= Ho pF CL = 50 pF 


Parameter = 
Min Typ Max | Min Max | Min Max _| 


Maximum Shift Frequency | 105 160 ee ee 


Propagation Delay 
CP to Q, 


5.2 7.0 3.0 8.5 3.5 8. 


3.5 0 
3.5 5.5 7.0 3.0 8.5 3.5 8.0 
Z S jas | 


Propagation Delay 
MA to Q, 4 8.6 12.0 4.5 14.5 4.5 14 


AC Operating Requirem 


Setup Time, HIGH or LOW 
P,, or Dsp or Ds, to CP 
Hold Time, HIGH or LOW 
P, or Dspr or Dgy to CP 


Setup Time, HIGH or LOW 


Sp, to CP 
Hold Time, HIGH or LOW 


Sp to CP 


CP Pulse Width, HIGH 
MR Pulse Width, LOW 


Recovery Time MR to CP 


ents: See Section 2 for Waveforms 


Ta = +25°C 


Veco = +5.0V Ta; Vec = Mil Ta; Voc = Com 


6.0 4.0 


4.0 
4.0 
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Semiconductor 


54F/74F219 


64-Bit Random Access Memory with TRI- STATES 


Outputs 


General Description 


The ’F219 is a high-speed 64-bit RAM organized as a 
16-word by 4-bit array. Address inputs are buffered to mini- 
mize loading and are fully decoded on-chip. The outputs are 
TRI-STATE and are in the high-impedance state whenever 
the Chip Select (CS) input is HIGH. The outputs are active 
only in the Read mode. This device is similar to the 'F189 
but features non-inverting, rather than inverting, data out- 
puts. 


Ordering Code: see Section 5 


Logic Symbol 


Pin Assignment for 
DIP, SOIC and Flatpak 


an oon hk WwW DY 


TL/F/9500~1 


Features 

m@ TRI-STATE outputs for data bus applications 
@ Buffered inputs minimize loading 

m Address decoding on-chip — 

Diode clamped inputs minimize ringing 

® Available in SOIC (300 mil only) 


Connection Diagrams 


Pin Assignment 
for LCC 


Dy Op NC Dy WE 
eae} aes) 
an 8 8 


5888 
4 5) 
05 Ds NC As Ay 
TL/F/9500~-3 


TL/F/9500-2 


Unit Loading/Fan Out: see section 2 for U.L. Definitions 


54F/74F 


U.L. Input Iyy/hie 
HIGH/LOW Output Ion/loL 


Pin Names Description 


1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 
150/40 (33.3) 


Address Inputs 

Chip Select Input (Active LOW) 
Write Enable Input (Active LOW) 
Data Inputs 

TRI-STATE Data Outputs 


20 pA/—0.6 mA 

20 pA/—1.2 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 
—3 mA/24 mA (20 mA) 
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Function Table 


Operation Condition of Outputs 


L L Write High Impedance 
L H Read True Stored Data 
H x Inhibit High Impedance 


H IGH Voltage Level 
L OW Voltage Level 
xX mmaterial 


Block Diagram 


16=WORD x 4=BIT 


DECODER MEMORY CELL 


DRIVERS DECODER 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Conditions 


Military 
Commercial 
Supply Voltage 
Military 
Commercial 
—0.5V to + 7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin__| Input HIGH Voltage ee 
Vi___| Input Low Voltage a ee 
Input Clamp Diode Voltage te | | 


Output HIGH 54F 10% Voc 
Voltage 54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


= er 


Vep 


VoH 


74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


54F 10% Voc 
74F 10% Voc 





ai 
a 


Input Leakage 
Test 


Output Leakage 
Circuit Current 
lit Input LOW —0.6 
Current —1.2 
loZH Output Leakage Current —rs 
Output Leakage Current 
los Output Short-Circuit Current 


Izz___| Bus Drainage Test ee ea 
icc__|_ Power Supply Current a a ee 


loz 


Free Air Ambient Temperature 


Recommended Operating 


— 58°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


loo = —1mMA 
lon = —3mA 
lon = —1mA 
lon = —3mA 
lon = —1mMA 
loo = —3mA 


lo. = 20 mA 
lo. = 24mA 


VIN = 2.7V 
Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


VIN = 0.5V (An, WE, Dy) 
Vin = 0.5V (GS) 


Vout = 2.7V 
| eo = 0.5V 
Vout = 0V 
Vout = 5.25V 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C = 
Parameter Voc = +5.0V i yas ag 
C. = 50 pF L P 
Min Typ Max | Min = Max | Min Max 


Access Time, HIGH or LOW 10.0 18.5 26.0 9.0 32.0 10.0 27.0 
An to On 8. 


Access Time, HIGH or LOW 3. 
CS to On : 
Disable Time, HIGH or LOW ; 
CS to O, 3. 

i 6 


13.5 19.0 8.0 23.0 8.0 20.0 


6.0 8.5 3.5 10.5 3.5 9.5 
9.0 13.0 5.0 15.0 5.0 14.0 
2.0 7.0 


4.0 6.0 20 80 
5.5 8.0 2.5 10.0 3.0 9, 


Disable Time, HIGH or LOW 


WE to O, 


7.0 10.0 3.5 12.0 11.0 
9.0 13.0 5.0 15.0 5.0 14.0 


0 
5 
5.0 
: 2.0 
0 0 
Write Recovery Time 5 20.0 28.0 6.5 37.5 6.5 29.0 
HIGH or LOW, WE to On, 6.5 11.0 15.5 6.5 17.5 6.5 16.5 
4.0 4.0 
5.0 


AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C 
Vcc = +5.0V 


Setup Time, HIGH or LOW 

An to WE 
2.0 
2.0 


Parameter 


Hold Time, HIGH or LOW 
A, to WE 


Setup Time, HIGH or LOW 10.0 
D, to WE 10.0 


Hold Time, HIGH or LOW 
D, to WE 


Setup Time, LOW 
CS to WE 
Hold Time, LOW 
CS to WE 


WE Pulse Width, LOW 
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54F/74F240¢54F/74F241¢54F/74F244 
Octal Buffers/Line Drivers with TRI-STATE® Outputs 


General Description Features 


The ’F240, ’F241 and 'F244 are octal buffers and line driv- ™@ TRI-STATE outputs drive bus lines or buffer memory 
ers designed to be employed as memory and address driv- address registers 
ers, clock drivers and bus-oriented transmitters/receivers m Outputs sink 64 mA (48 mA mil) 
which provide improved PC and board density. m 12 mA source current 
m Input clamp diodes limit high-speed termination effects 
mw Guaranteed 4000V minimum ESD protection 


Ordering Code: see Section 5 


Connection Diagrams 


Pin Assignment Pin Assignment 
for LCC for DIP, SOIC and Flatpak 


ts Og Ip O5 fy 
AOA! 


[4] ES) (te) 07) (13) 


02 Is 0} ly O% 


TL/F/9501-2 
TL/F/9501~1 


F241 


ls Og tg O5 | 
Oot 


Wy Sie i] Lhe 
sine fe 


Et me 
Oo Is 04 I, Op 


TL/F/9501-4 
TL/F/9501-3 


F244 


13 Og Ip O5 |y 
AD OOOC 


NG = a a @ 
Oy Is Oy I O TL/F/9501-6 


TL/F/9501-5 
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Logic Symbols 


IEEE/IEC IEEE/IEC IEEE/IEC 
F241 "F244 


TL/F/9501-7 TL/F/9501-8 TL/F/9501-9 


Unit Loading/Fan Out: see Section 2 for U.L. ce eg 


| AETOF Cd 
Description U.L. Input Iyy/ Aye 
HIGH/LOW Output Ion/lor 


OE}, OEp TRI-STATE Output Enable Input (Active LOW) 1.0/1.667 20 pA/—1 mA 


OE> TRI-STATE Output Enable Input (Active HIGH) 1.0/1.667 20 pA/—1 mA 
lo-l7 Inputs (F240) 1.0/1.667* 20 pA/—1 mA 
lo-l7 Inputs (’F241, ’F244) 1.0/2.667* 20 pA/—1.6 mA 
Oo-07, Op-O7 | Outputs 600/106.6 (80) | —12mA/64 mA (48 mA) 


“Worst-case 'F240 enabled; 'F241, 'F244 disabled 





Truth Tables 


IGH Voltage Level 
LOW Voltage Level 
Immaterial 

= High Impedance 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias ~—55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1; Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


54F/74F 


Symbol Parameter 


Input HIGH Voltage : 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


ViIH 
Vit 
Vcp 
VOH 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 


54F 
74F 


54F 
74F 


54F 
74F 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Test 
Output Leakage 


input LOW Current 


Output Leakage Current 
Output Short-Circuit Current 


Bus Drainage Test 


Min Typ Max 





100 


7 


4.75 
3 
Output Leakage Current f BO 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —3mMA 
loo = —12mA 


lo. = 64mA 
Vin = 2.7V 


Vin = 7.0V 


= = 
= 


0 
Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (OE}, OE, OEs, Dp (’F240)) 
Vin = 0.5V (Dp (F241, F244) 


Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = 5.25V 


4 


m. 


pA 

A 
pA 
pA 
mA 
pA 





DC Electrical Characteristics (Continued) 


54F/74F 
Parameter 


yp Max 
mA | Max | Vo = HIGHZ 


Power Supply Current 


Conditions 


bezel pce0re 


Power Supply Current 
(F241, 'F244) 


Power Supply Current 
(F241, 'F244) 


60 90 A 


és “f , Vo = HIGHZ 


AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
_ CL = 50 pF 


Min Typ Max | Min Max | Min Max | 
Propagation Delay 3.0 51 7.0 3.0 9.0 3.0 
Data to Output (’F240) 2.0 3.5 4.7 2.0 6.0 2.0 5.7 
Output Enable Time ('F240) 2.0 3.5 4.7 2.0 6.5 2.0 5.7 
4.0 6.9 9.0 4.0 10.5 
Output Disable Time ('F240) 2.0 4.0 5.3 2.0 6.5 
2.0 6.0 8.0 2.0 12.5 


Ta, Voc = Mil 
C_ = 50 pF 


Propagation Delay : 
Data to Output (F241, ’F244) 2.5 4.0 5.2 2.0 7.0 


Output Enable Time 2.0 4.3 5.7 2.0 7.0 
(F241, ’F244) 2.0 5.4 


Output Disable Time 2.0 4.5 
(F241, 'F244) 2.0 4.5 
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ZA National 


Semiconductor 


54F/74F243 | i 7 | m7 
Quad Bus Transceiver with TRI-STATE® Outputs . 


General Description Features , 

The 'F243 is a quad bus transmitter/receiver designed for | ™ 2-Way asynchronous data bus communication 

4-line asynchronous 2-way data communications between Input clamp diodes limit high-speed termination effects 
data busses. = ™ Guaranteed 4000V minimum ESD protection 


Ordering Code: see Section 5 


Logic Symbol : | Connection Diagrams 


% os Pin Assignment Pin Assignment 
{EEE/IEC for DIP, SOIC and Flatpak for LCC 


Ay NC Ay NC Ap 
BOA 


L/F/9502~1 8 
7 if By NC By NC NC .. 


TL/F/9502-2 
TL/F/9502-3 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input tyy/hie 
HIGH/LOW Output Ion/loL 


Enable Input (Active LOW) 1.0/1.67 20 pA/—1 mA 
Enable Input (Active HIGH) 1.0/1.67 20 pA/—1 mA 
Inputs 3.5/2.67 70 pA/—1.6 mA 
Outputs 600/106.6(80) | — 12 mA/64 mA(48 mA) 





= HIGH Voltage Level 
L = LOW Voltage Level 
Z = High Impedance 
N/A = Not Allowed 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Vcc = OV) 

Standard Output 

TRI-STATE Output 
Current Applied to Output 

in LOW State (Max) twice the rated lo, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1; Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Vcc 
74F 10% Voc 
74F 10% Vcc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Input HIGH Current 54F 
Breakdown (I/O) 74F 


Output HIGH 54F 
Leakage Current 74F 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW Current 
Output Leakage Current 


74F 


74F 


lin + lozH 


Iie + loz 
los Output Short-Circuit Current 


Output Leakage Current 


IocH Power Supply Current 
loci Power Supply Current 


locz Power Supply Current 


Recommended Operating 


Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
O°C to + 70°C 


+4.5V to + 5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mA 


lOH = —-3mA (An, Bn) 
lo = —12 MA (Ap, Br) 
lon = —3 mA (Ap, Br) 
lon = —3 MA (An, Bn) 


lo. = 48 mA (An, Bn) 
lo. = 64 MA (An, Bn) 


VIN = 2.7V 
Vin = 7.0V (Ey, Ea) 
Vin = 5.5V (An; Bn) 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (Ey, Eo) 
Vout = 2.7V (An; Bn) 
VouT = _9.5V (An, Bn) 
Vout = OV (An, Bn) 
Vo = HIGH 

Vo = LOW 

Vo = HIGHZ 





eve 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
An to Bn, By to An 


Output Enable Time 
E; to Bh, Eo to Ap 


Output Disable Time 
E, to Bn; Eo to An 


Min 


2.5 
2.5 


2.0 
2.0 


2.0 
2.0 


Ta = +25°C 
Voc = +5.0V 
ees = 50 pF 
| Min Typ Max _| 
4.0 
4.0 


4.3 
5.8 


4.5 
4.5 


4-194 


Ta; Vec = Mil 
CL = 50 pF 





ZA National 


Semiconductor 


54F/74F245 


Ste 


Octal Bidirectional Transceiver with TRI-STATE® Outputs 


General Description 


The ’F245 contains eight non-inverting bidirectional buffers 
with TRI-STATE outputs and is intended for bus-oriented 
applications. Current sinking capability is 24 mA (20 mA Mil) 
at the A ports and 64 mA (48 mA Mil) at the B ports. The 
Transmit/Receive (T/R) input determines the direction of 
data flow through the bidirectional transceiver. Transmit (ac- 
tive HIGH) enables data from A ports to B ports; Receive 
(active LOW) enables data from B ports to A ports. The 
Output Enable input, when HIGH, disables both A and B 
ports by placing them in a High Z condition. 


Ordering Code: see Section 5 


Logic Symbols 


Features 

@ Non-inverting buffers 

@ Bidirectional data path 

mw A outputs sink 24 mA (20 mA Mil) 

m= B outputs sink 64 mA (48 mA Mil) 

m Guaranteed 4000V minimum ESD protection 


Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


Ay Ay Ag Az Ay As Ag Az 


By By By 8; By By Bg By 


TL/F/9503-3 


IEEE/IEC 


TL/F/9503-4 





2) 1) 
BEES 


(4) (65) (16) (2) fis) 


L/F/9503- 
m oI TL/F/9503~2 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Pin Names Description ULL. Input liq /tie 
HIGH/LOW Output Ion/loL 


Output Enable Input (Active LOW) 1.0/2.0 20 pA/—1.2 mA 


Transmit/Receive Input 1.0/2.0 20 pA/—1.2 mA 
Side A Inputs or 3.5/1.083 70 pA/—0.65 mA 
TRI-STATE Outputs 150/40(38.3) | —3mA/24 mA (20 mA) 
Side B Inputs or 3.5/1.083 70 pA/—0.65 mA 
TRI-STATE Outputs 600/106.6(80) | —12mA/64 mA (48 mA) 





Truth Table 


Bus B Data to Bus A 
Bus A Data to Bus B 
High Z State 

HIGH Voltage Level 


H = 
L = LOW Voltage Level 
X = Immaterial! 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —585°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output . 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Vcc 
—0.5V to +5.5V 


DC Electrical Characteristics 


input HIGH Voltage Pee 
2.4 ; 


Vin 
Vit 


Input LOW Voltage 
Input Clamp Diode Voltage 


Vcp 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input HIGH 

Current 

Input HIGH Current ae 
Breakdown Test 


VoH 


Output LOW 
Voltage 


IH 


IBvi 


IBvit 


ICEx 





Input HIGH Current ys 1.0 mA 
Breakdown (I/O) 0.5 

Output HIGH 

Leakage Current Le 
Input Leakage 

Test 

Output Leakage 

Circuit Current 

Input LOW Current ela 


hn + loz | Output Leakage Curent p70 | A Max | 
In + lozi_| Output Leakage Current p= 850 | nA | Max | 
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Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
°C to +70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lou = —3 mA (Ay) 
lon = —12 mA (Bp) 
lon = —3 mA (An) 
lon = —15 mA (Bp) 
loH = —3 mA (An) 


lo. = 20 mA (Ap) 
lo. = 48 mA (Bp) 
lo. = 24 mA (A,) 
lo. = 64 mA (Bp) 


Vin = 2.7V 
Vin = 7.0V (OE, T/R) 


Vout = Vcc (An; Bn) 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (T/R, OE) 
Vout = 2.7V (An, Bn) 
Vout = 0.5V (An, Bn) 
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DC Electrical Characteristics (continued) 


Output Short-Circuit Current 


Bus Drainage Test 
Power Supply Current 
Power Supply Current 


Parameter 


Propagation Delay 
An to Bry OF Bp to An 


Output Enable Time 


Output Disable Time 


Min 
2.5 
2.5 


3.0 


ie Be _ Nr 
—100 


Ta = +25°C 
Vec = +5.0V 
Cm ee = 50 pF 


| Min Typ Max _| 
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a ea 74F 


Ta; Voc = Mil 
C, = 50 pF 


7.5 
7.5 


9.0 
10.0 


9.0 
10.0 


Conditions 
Vout = OV (Ap) 


Vout = OV (B,) 
Vout = 5.25V(An, 


Vo = HIGHZ 


Bn) 
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54F/74F251A 


VLS2 


8-Input Multiplexer with TRI-STATE® Outputs 


General Description 

The ’F251A is a high-speed 8-input digital multiplexer. It pro- 
vides, in one package, the ability to select one bit of data 
from up to eight sources. It can be used as a universal func- 
tion generator to generate any logic function of four vari- 
ables. Both assertion and negation outputs are provided. 


Ordering Code: see Section 5 
Logic Symbols 





TL/F/9504-3 
IEEE/IEC 


on DOD OF WB YH 


NO UW & WH = CO BD 


TL/F/9504-5 


Pin Assignment for 
DIP, SOIC and Flatpak 


Features 

a Multifunctional capability 

m On-chip select logic decoding 

a Inverting and non-inverting TRI-STATE outputs 


Connection Diagrams 


Pin Assignment 
for LCC 


ZZNh | 


TL/F/9504-1 
TL/F/9504-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


ULL. Input a/b 
HIGH/LOW Output Ion/lot 


Description 


Select Inputs 


TRI-STATE Output Enable Input (Active LOW) 


Multiplexer Inputs 
TRI-STATE Multiplexer Output 


Complementary TRI-STATE Multiplexer Output 





1.0/1.0 

1.0/1.0 

1.0/1.0 
150/40 (33.3) 
150/40 (33.3) 


20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/-0.6 mA 
—3 mA/24 mA (20 mA) 
—3 mA/24 mA (20 mA) 
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Functional Description 


This device is a logical implementation of a single-pole, 8- 
position switch with the switch position controlled by the 
state of three Select inputs, So, S;, So. Both assertion and 
negation outputs are provided. The Output Enable input 
(OE) is active LOW. When it is activated, the logic function 
provided at the output is: : 
Z = OEe(Ip*SpeS; #So + 11¢S9eS eS + 
IneSp*SyeSo + IgeSgeSyeSo + 
I4eSoeS1eSo + I5eSoeSyeSo + - 
IgeSoeS1°So + I7eSgeS;eSo) 
When the Output Enable is HIGH, both outputs are in the 
high impedance (High Z) state. This feature allows multi- 
plexer expansion by tying the outputs of up to 128 devices 
together. When the outputs of the TRI-STATE devices are 
tied together, all but one device must be in the high imped- 
ance state to avoid high currents that would exceed the 


Logic Diagram 


maximum ratings. The Output Enable signals should be de- 
signed to ensure there is no overlap in the active LOW por- 
tion of the enable voltages. 


Truth Table 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 

High Impedance 


th 


ca a 
th 
cae a a 
Moc cl 
ih ih ath Hh iiih ith Hih Tt | 


Z Z 
TL/F/9504-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
~—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter Oe Vcc 
Min Typ Max 


Vin | inputticHvotage | eo | 
Pee = OS Vt 


VIL Input LOW Voltage 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


~—55°C to + 125°C 
0°C to + 70°C 


+4,.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Veo __| Input Clamp Diode Voltage p= |v | Min | ty = ~18 mA 
2.5 


Vou Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


2.7 
54F 10% Voc Vv lo. = 20mA 
74F 10% Voc lol = 24mA 
Input HIGH 54F A Vin = 2.7V 
Current 74F : 
Input HIGH Current 54F 100 A VIN = 7.0V 
Breakdown Test 74F 7.0 2 
Output HIGH 54F A Vout = Vcc 
Leakage Current 74F p 
74F 4.75 Vv 


Output LOW 
Voltage 


Input Leakage 





lon = —1mA 
loo = —3mMA 
Vv lon = —1mA 
loo = —3mA 
lon = —1mA 
lon = —3MA 


lip = 1.9 pA 


Output Leakage 
Circuit Current 


Input LOW Current 


74F 


lozH Output Leakage Current 
loz- Output Leakage Current 
Output Short-Circuit Current 
Bus Drainage Test 
Power Supply Current 
Power Supply Current 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
VouT = 0V 
Vout = 5.25V 
Vo = LOW 
Vo = HIGHZ 





Recognized as a HIGH Signal 
Recognized as a LOW Signal 


Vise 


251A 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 

































Ta = +25°C ee a 
Parameter Voc = +5.0V oh as y we ep = " 
C, = 50 pF L P L p 
Min Typ Max | Min Max 
Propagation Delay 3.5 6.0 9.0 3.5 11.5 3.5 9.5 
SptoZ 3.2 5.0 7.5 3.2 8.0 3.2 7.5 
Propagation Delay 4.5 7.5 10.5 3.5 14.0 4.5 12.5 
Sp to Z 4.0 6.0 8.5 3.0 10.5 4.0 9.0 
Propagation Delay 3.0 5.0 6.5 2.5 8.0 3.0 - 7.0 
IntoZ 1.5 2.5 4.0 1.5 6.0 1.5 5.0 
tpLH Propagation Delay 3.5 5.0 7.0 2.5 9.0 2.5 8.0 
In to Z 3.5 5.5 7.0 3.5 9.0 3.5 7.5 
Output Enable Time 2.5 4.3 6.0 2.0 7.0 2.5 7.0 
OE toZ 2.5 4.3 6.0 2.5 7.5 2.5 6.5 2-5 
Output Disable Time 2.5 4.0 5.5 2.5 6.0 -, 25 6.0 
OE toZ 1.5 3.0 4.5 1.5 5.0 1.5 4.5 
Output Enable Time 3.5 5.0 7.0 3.0 8.5: 3.0 7.5 
OE toZ 3.5 5.5 7.5 3.5 9.0 3.5 8.0 ie 
tpHz Output Disable Time 2.0 3.8 5.5 2.0 
OE toZ 15 3.0 4.5 1.5 
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54F/74F253 
Dual 4-Input Multiplexer with TRI-STATE® Outputs 


General Description Features 


The ’F253 is a dual 4-input multiplexer with TRI-STATE®  ™ Multifunction capability 

outputs. It can select two bits of data from four sources m Non-inverting TRI-STATE outputs 

using common select inputs. The output may be individually mm Guaranteed 4000V minimum ESD protection 
switched to a high impedance state with a HIGH on the 

respective Output Enable (OE) inputs, allowing the outputs 

to interface directly with bus oriented systems. 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
OE, loa Ya toe '3a lob Nib lop '3p DIP, SOIC and Flatpak for LCC 


loa te NC log l3a 
BOWE 
aaa 


TL/F/9505-3 


IEEE/IEC 





oN OW ee WwW SS 


a8 .8,8 
(5) 
Ib 'ab NC I3p So 
TL/F/9505-2 


TL/F/9505-1 


TL/F/9505-5 


Unit Loading/Fan Out: see Section 2 for U.L. ee ee 


| SAFV74F 
Description ULL. Input ha/li 
HIGH/LOW Output Ion/loL 


Side A Data Inputs 1.0/1.0 20 pA/—0.6 mA 


Side B Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Common Select Inputs 1.0/1.0 20 pA/—0.6 mA 
Side A Output Enable Input (Active LOW) 1.0/1.0 20 pA/—-0.6 mA 
Side B Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Outputs 150/40(33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


This device contains two identical 4-input multiplexers with 
TRI-STATE outputs. They select two bits from four sources 
selected by common Select inputs (So, S4). The 4-input mul- 
tiplexers have individual Output Enable (OE,, OE,) inputs 
which, when HIGH, force the outputs to a high impedance 
(High Z) state. This device is the logic implementation of a 
2-pole, 4-position switch, where the position of the switch is 
determined by the logic levels supplied to the two select 
inputs. The logic equations for the outputs are shown below: 
Za = OEa ® (loa ° Sy & So + Iya e Sy © Sq + 
loa @ Sy ® So + Igq © Sq & So) 
Zp = OEp * (lop ° Si * Sp t+ Ib © Sy * So + 
lap © Sy * So + Igp © Sy & So) 


Truth Table 


lf the outputs of TRI-STATE devices are tied together, all 
but one device must be in the high impedance state to avoid 
high currents that would exceed the maximum ratings. De- 
signers should ensure that Output Enable signals to TRI- 
STATE devices whose outputs are tied together are de- 
signed so that there is no overlap. 


fe. 
L 
L 
H 
H 
L 
L 
-H 
H 


xx I-K MK KX 


xmiIr-KKK KKK XK 


Address inputs Sg and S; are common to both sections. 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 


Logic Diagram 


Y 


baa) 


Zp 


~ ERYS 


Ze 


TL/F/9505-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 

If Milltary/Aerospace specifled devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


~-0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
——0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Min 
Vi 
ViL 
Vep 
VoH 


Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 

Voltage 54F 10% Vcc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Vcc 


74F 10% Voc 


54F 
74F 


54F 
74F 


54F 
74F 


Voltage 


Input HIGH 
Current 


input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 


Test as 


Output Leakage 
Circuit Current 
lie Input LOW Current 
Output Leakage Current 


74F 


lozH 
loz 
los 


Output Leakage Current 
Output Short-Circuit Current 


Iz7z Bus Drainage Test 
ICCH 


IocL 


Power Supply Current 
Power Supply Current 


locz Power Supply Current 


54F/74F 


Typ 
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Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 


Conditions 


Free Air Ambient Temperatur 
Military : 
Commercial 

Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


 +4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 
Max 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 

lon = —1mA 

lon = —3mA 

lon = —1mA 

logy = —3mA 

lon = —1mA 

lon = —3mMA 

lo. = 20mA 

lo. = 24mA 


—1.2 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = OV 
Vout = OV 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 
Vo = HIGH Z 


3 


3/3 /3 ];5 3 IE Ie = bad : 'S 
alles] Bpilsf<[s|s]s]<| < kl 8, 
elelels|elelele|e|ejelele| # ellie 
fo) 
< 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations |. 


‘ Parameter 


Propagation Delay 
Sp to Zn 


Propagation Delay 
In to Z, 


Output Enable Time 


3.0 
2.5 


3.0 
3.0 


2.0 
2.0 


4.5 


6.0 
6.0 


37 
4.4 


6.0 


8.0 
8.0 


5.0 
6.0 
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Ta; Voc = Mil 
C. = 50 pF 


3.5 
2.5 


2.5 
2.5 


2.5 
2.5 


2.0 
2.0 


15.0 
11.0 


9.0 
8.0 


10.0 
10.0 


65 
8.0 


4.5 
3.0 


3.0 
2.5 


3.0 
3.0 


2.0 
2.0 
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GA National 


Semiconductor 


54F/74F257A 
Quad 2-Input Multiplexer with TRI-STATE® Outputs 


General Description Features 

The 'F257A is a quad 2-input multiplexer with TRISTATE ™@ Multiplexer expansion by tying outputs together 
outputs. Four bits of data from two sources canbe selected m Non-inverting TRI-STATE outputs 

using a Common Data Select input. The four outputs pres- —™ Input clamp diodes limit high-speed termination effects 
ent the selected data in true (non-inverted) form. The out- —_g Guaranteed 4000V minimum ESD protection 

puts may be switched to a high impedance state with a 

HIGH on the common Output Enable (OE) input, allowing 

the outputs to interface directly with bus-oriented systems. 


Ordering Code: see sections 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak forLCC 
loa Ite fon Ntb loc Ne lod Nha lie bp NC Za ' 
a 
Haw 


TL/F/9507-3 





an OU eke WwW eS 


cence Fors ee 
fod Ze NC He be 


' TL/F/9507-1 
TL/F/9507-2 


TL/F/9507~5 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input Iy/li. 
HIGH/LOW Output Ion/loL 


Common Data Select Input 1.0/1.0 20 pA/—0.6 mA 


TRI-STATE Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Data Inputs from Source 0 1.0/1.0 20 pA/—0.6 mA 
Data Inputs from Source 1 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Multiplexer Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


The 'F257A is a quad 2-input multiplexer with TRI-STATE 
outputs. It selects four bits of data from two sources under 
control of a Common Data Select input. When the Select 
input is LOW, the Io, inputs are selected and when Select is 
HIGH, the I4, inputs are selected. The data on the selected 
inputs appears at the outputs in true (non-inverted) form. 
The device is the logic implementation of a 4-pole, 2-posi- 
tion switch where the position of the switch is determined by 
the logic levels supplied to the Select input. The logic equa- 
tion for the outputs is shown below: 
Zn = OE ® (In @ S + lon ® S) 

When the Output Enable input (OE) is HIGH, the outputs are 
forced to a high impedance OFF state. If the outputs are 
tied together, all but one device must be in the high imped- 
ance state to avoid high currents that would exceed the 
maximum ratings. Designers should ensure the Output En- 
able signals to TRI-STATE devices whose outputs are tied 
together are designed so there is no overlap. 


Logic Diagram 


Truth Table 


H = HIGH Voltage Level 
L = LOW Voltage Leve! 
X = Immaterial - 

Z = High Impedance 


Z4 


TL/F/9507~4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Vcc = OV) 

Standard Output 

TRI-STATE Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to + 7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Vin 
ViL 
Vcp 


VoH Output HIGH 


Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


54F 10% Voc 
74F 10% Voc 


54F 
74F 


54F 
74F 


54F 
74F 


Input Leakage 74F 475 2 
Test ‘ : 


lozH 

loz 

los ircui 
Izz 
ICCH 
IocL 
Iccz 


Output Leakage Current 
Output Short-Circuit Current 
Bus Drainage Test 


Power Supply Current 


54F/74F 
Vec 
Min Typ Max 


ipl HIGH Votage rao 


—1.2 
2.5 





27 
a 
rc 
ee oe 


Output Leakage Current 


Power Supply Current 15 23 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 58°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 

lon = —1mA 

lon = —3mA 

lon = —1mMA 

lon = —3mA 

lon = ~1mA 

lon = —3mA 

lo. = 20mA 

lo. = 24mA 


2.7V 


ele 


Vin = 
Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
Alt Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


pv | 00 
3.75 


pA 
0 


Max 
— 150 
0.0V 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 


Parameter Vec = +5.0V Ta; Vec = Mil Ta; Vec = Com 


CL = 50 pF CL = 50 pF 


Min Typ Max_| Min Max | Min Max_| 
6.0 


Propagation Delay : 4.5 5.5 2.0 7.0 2.0 
In to Zp, : 4.2 5.5 1.5 7.0 2.0 


Propagation Delay 5.0 9.5 3.5 11.5 3.5 
S$ to Zp, 6.5 7.0 2.5 9.0 2.5 


Output Enable Time 5.9 6.0 2.0 8.0 2.0 
5.5 7.0 2.5 9.0 2.5 


Output Disable Time 43 6.0 2.0 7.0 2.0 
45 6.0 2.0 8.5 2.0 
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ZA National 


Semiconductor 


54F/74F258A 
Quad 2-Input Multiplexer with TRI-STATE® Outputs 


General Description Features 


The ’F258A is a quad 2-input multiplexer with TRISTATE ™@ Multiplexer expansion by tying outputs together 
outputs. Four bits of data from two sources canbe selected sm Inverting TRI-STATE outputs 

using a common data select input. The four outputs present m Guaranteed 4000V minimum ESD protection 
the selected data in the complement (inverted) form. The 

outputs may be switched to a high impedance state with a 

HIGH on the common Output Enable (OE) input, allowing 

the outputs to interface directly with bus-oriented systems. 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC 


loa Ne lob tb loc Ne lod Na = 
lib bop NC Zq | 
1b ‘ob 1a 
BOA 
| el el 


TL/F/9508-3 


1EEE/IEC 





on mo FW DO 


a Z, NC Ne bbe 


TL/F/9508-2 


TL/F/9508-1 


TL/F/9508-5 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


Description ULL. Input Iy/le 
HIGH/LOW Output lon/lo. 


Common Data Select Input 1.0/1.0 20 pA/—0.6 mA 


TRI-STATE Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Data Inputs from Source 0 1.0/1.0 20 pA/—0.6 mA 
Data Inputs from Source 1 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Inverting Data Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


The ’F258A is a quad 2-input multiplexer with TRI-STATE 
outputs. It selects four bits of data from two sources under 
control of a common Select input (S). When the Select input 
is LOW, the Io, inputs are selected and when Select is 


_HIGH, the I1, inputs are selected. The data on the selected 


inputs appears at the outputs in inverted form. The 'F258A 
is the logic implementation of a 4-pole, 2-position switch 
where the position of the switch is determined by the logic 
levels supplied to the Select input. The logic equation for 
the outputs is shown below: 


Zn = OE 8 (Iqn © S + lone S) 


Truth Table 


Output 
Enable 


When the Output Enable input (OE) is HIGH, the outputs are 
forced to a high impedance OFF state. If the outputs of the 
TRI-STATE devices are tied together, all but one device 
must be in the high impedance state to avoid high currents 
that would exceed the maximum ratings. Designers should 
ensure that Output Enable signals to TRI-STATE devices 
whose outputs are tied together are designed so there is no 
overlap. 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 

High Impedance 


TL/F/9508-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to +125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 


Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Conditions 


Military 
Commercial 
Supply Voltage 
Military 
Commercial 
~0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


54 eee ee 74F 
NM | Min Typ Max | 


Input HIGH Voltage es 
input LOW Voltage 2 $$ — 
Input Clamp Diode Voltage a ers 


Output HIGH 54F 10% Voc 
Voltage 54F 10% Vcc 
74F 10% Voc 


DC Electrical Characteristics 


Symbol Parameter 


ViH 
Vit 
Vop 
VoH 


74F 10% Voc 
74F 5% Voc 
74F 5% Veo 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


54F 10% Voc 
74F 10% Voc 


54F 
74F 


54F 
74F 


54F 
74F 


eee 
0. 5 
Pm fe 
pa | os | oe 
a rc 
—_ = [= 
Test 

Output Leakage 

eer em 
| imputLowCurent | 06 | mA | Max | 
Gra stee te ak ee 
A | Max 


Power Supply Current 


lozH 
loz 





Recommended Operating 


Free Air Ambient Temperature 


vese 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 





lo. = 24mA 
Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
VouT = 0.5V 
Vout = 0V 
Vout = Vcc 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C : 
fs Ta; Voc = Mil 
Sa eer ——— 


Propagation Delay 


In to Zh, 1. 


Propagation Delay 3. 
S toZp 2. 
Output Enable Time 2. 
2. 
Output Disable Time 2. 
2. 





0 
0 
5 
0 
5 
0 
0 





4-214 


692 


ZA National 


Semiconductor 


54F/74F269 
8-Bit Bidirectional Binary Counter 


General Description Features 


The ’F269 is a fully synchronous 8-stage up/down counter ™ Synchronous counting and loading 
featuring a preset capability for programmable operation, m™ Built-in lookahead carry capability 
carry lookahead for easy cascading and a U/Dinputtocon- m Count frequency 100 MHz 

trol the direction of counting. All state changes, whether in Supply current 113 mA typ 
counting or parallel loading, are initiated by the rising edge 309 mil slimline package 

of the clock. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


Po Py Pa Ps Pa Ps Pe Py = Qy Q; Qo NCU/D PE Py 
Hoo ee) 


Q Q; Q Q3 Q, Os Oe Q, 





TL/F/9510-1 


o aon On ek wn = 


IEEE/IEC 


CTR DIV 256 (9) 29 @i 2a BS ea BS 
= CP CEPCET NC TC P7 Pg 
: TL/F/9510-3 





TL/F/9510-2 


Function Table 


Parallel Load All 
Flip-Flops 
Hold 
Hold (TC Held HIGH) 
Count Up 
Count Down 

H = HIGH Voltage Level 

L = LOW Voltage Level 


X = Immaterial 
—/ = Transition LOW-to-HIGH 


TL/F/9510-4 
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Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F att 


Description ULL. Input Fyq/li 
HIGH/LOW Output Ion/IoL 


Parallel Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Parallel Enable Input (Active LOW) 1.0/1.0 © | 20pA/-0.6 mA 
Up-Down Count Control Input a 1.0/1.0 20 pA/—0.6 mA 
Count Enable Parallel Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Count Enable Trickle Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Clock Input ~ 1.0/1.0 20 pA/—0.6 mA 
Terminal Count Output (Active LOW) ~ §,0/33.3 —1mA/20 mA 
Flip-Flop Outputs 50/33.3 —1mA/20mA | 


Logic Diagram 


—Q 


TL/F/9510-6 
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Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 58°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


ViH 
ViL 


Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Vou 


Voltage 





Output LOW 
Voltage 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


54F 
74F 


Output Leakage 
Circuit Current 


Input LOW Current 
Output Short-Circuit Current 


IocH 
loct 


Power Supply Current 


Power Supply Current 


113 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
o°c to + 70°C 


+4.5V to + 5.5V 
+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mMA 
lon = —tmA 


lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA, 
Ali Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 
Vo = LOW 


135 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Tas Vec = Mil | Ta, Vcc = Com 
CL = 50 pF C_ = 50 pF 


Min Typ Max | Min Max | Min Max_| 
0 | 5 
5 


Parameter 


Maximum Clock Frequency 


1 Ee 24 
Propagation Delay 3. 8.0 3.5 9.0 
CP to Q, (Count-Up) 4.5 10.5 4.5 11.0 


Propagation Delay 3.5 9.5 3.5 10.0 
U/D to TC 4. 11.0 


5 9.5 4.5 
Propagation Delay 3.5 9.0 3.5 10.5 
CET to TC 3.0 10.5 3.0 11.5 
Propagation Delay 4.5 10.0 4.5 10.5 
CP to TC 5.0 10.0 4.5 10.5 
Propagation Delay 3.5 10.5 : 11.0 
CP to qn (Count-Down) 4.5 10.5 11.0 


. 3.5 
4.5 

Propagation Delay 3.5 9.0 3.5 10.0 
9.0 4.0 


CP to Qn (Load) 4.0 9.0 


AC Operating Requirements: see Section 2 for Waveforms 


74F 
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Semiconductor 


54F/74F273 
Octal D Flip-Flop 


General Description 


The 'F273 has eight edge-triggered D-type flip-flops with in- 
dividual D inputs and Q outputs. The common buffered 
Clock (CP) and Master Reset (MR) inputs load and reset 
(clear) all flip-flops simultaneously. 

The register is fully edge-triggered. The state of each D in- 
put, one setup time before the LOW-to-HIGH clock tran- 
sition, is transferred to the corresponding flip-flop’s Q out- 
put. 

All outputs will be forced LOW independently of Clock or 
Data inputs by a LOW voltage level on the MR input. The 
device is useful for applications where the true output only is 
required and the Clock and Master Reset are common to all 
storage elements. 


Ordering Code: see Sections 


Logic Symbols 


Dp Dy D2 D3 Dy Ds Dg Dy 


Qy Q; Q2 3 Q4 Q5 Qs Q7 





TL/F/9511-3 


(EEE/IEC 


o aon nar Who = 


_ 
o 


TL/F/9511-5 


Pin Assignment for 
DIP, SOIC and Flatpak 


Features 

deal buffer for MOS microprocessor or memory 
Eight edge-triggered D flip-flops 

Buffered common clock 

Buffered, asynchronous Master Reset 

See ’F377 for clock enable version 

See ‘F373 for transparent latch version 

See 'F374 for TRI-STATE® version 

Guaranteed 4000V minimum ESD protection 


Connection Diagrams 


Pin Assignment 
for LCC 


Ds Dp Q Q; 0, 





i 
Ds Q5 OQ Dg D7 
TL/F/9511-2 


TL/F/9511-1 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description U.L. Input Iin/li 
HIGH/LOW | Output Iox/loL 


Do-D7 Data Inputs 1.0/1.0 | 20pA/-0.6 mA 
MR Master Reset (Active LOW) 1.0/1.0 | 20pA/-0.6mA 
CP Clock Pulse Input (Active Rising Edge) 1.0/1.0 | 20 uA/—0.6mA 
Qo-Q7 Data Outputs 50/33.3 —1mA/20 mA 


Mode Select-Function Table 


H = HIGH Voltage Level steady state 

Operating Mode h = HIGH Voltage Level one setup time prior to the LOW-to-HIGH clock 

transition 

L = LOW Voltage Level steady state 

Reset (Clear) L | = LOW Voltage Level one setup time prior to the LOW-to-HIGH clock 
transition 
~“ = LOW-to-HIGH clock transition 

L 





TL/F/9511-4 
’ Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias ‘—§5°C to +175°C 
Vcc Pin Potential to . 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
* —0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter Bicoail Ll Vcec Conditions 
, Min Typ Max , 


| inputtiGHvottage | 20 | | 
| inputLowvottage | | 


VIH 
ViL 


Veb 
Mil 

10% Voc 
5% Vcc 
Mil 

10% Voc 
5% Vcc 


54F 
74F 


Output HIGH 
Voltage 


VoH 
2.5 


Output LOW 
Voltage 





Input HIGH 
Current 


Output HIGH 54F 


Leakage Current 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


hie input LOW Current 
Output Short-Circuit Current 


74F 
74F 
74F 


IocH Power Supply Current 


loci 


InputClamp DiodeVoltage | 12 || Min 
2.5 


2.7 
Pf ef 
BL aw | me | 
Input HIGH Current 54F 100 A 
Breakdown Test 74F 7.0 M 
250 
50 
4.75 
3.75 


pA 
pa 4 
p06 | ma 
| 60-150 | ma 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to +125°C 
0°C to +70°C 


+4.5V to +5.5V 
+ 4.5V to +5.5V 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
loH = —1mA 


Be 


lo. = 20 mA 


VIN = 2.7V 
Vin = 7.0V 
Vout = Vcc 


lip = 1.9 pA 
All other pins grounded 


Viop = 150 mV 
All other pins grounded 


Vin = 0.5V 
Vout = 0V 


CP = _/ 
D, = MR = HIGH 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
C, = 50 pF 


Maximum Clock Frequency rr rs 


Propagation Delay 
Clock to Output H a 


i 1 
Propagation Delay 
MR to Output 

AC Operating Requirements: see Section 2 for Waveforms 


a 7 ee 


Ta = +25°C 
Ta Ta; Vec = 
Parameter Veo = +5.0V A a Mil A» Vcc = Com 


Ta, Voc = Mil 
C,. = 50 pF 


Setup Time, HIGH or LOW 
Data to CP 


MR Pulse Width, LOW 


CP Pulse Width 
HIGH or LOW 


Hold Time, HIGH or LOW 
Data to CP 


Recovery Time, MR to CP 
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ZA National 


Semiconductor 


54F/74F280 
9-Bit Parity Generator/Checker 


General Description Features 


The 'F280 is a high-speed parity generator/checker that ac- | ™ Guaranteed 4000V minimum ESD protection 
cepts nine bits of input data and detects whether an even or 

an odd number of these inputs is HIGH. If an even number 

of inputs is HIGH, the Sum Even output is HIGH. If an odd 

number is HIGH, the Sum Even output is LOW. The Sum 

Odd output is the complement of the Sum Even output. 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


by hb kb kk & & |p Ze NC Ig NC NC 
(8) 7) (6) (5) 4) 
[ed el ed 


TL/F/9512-3 


[1 6] 18} 
IEEE/IEC TL/F/9512-1 HBame 
lh NC Is NC ly 


TL/F/9512-2 


TL/F/9512-5 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 
Pin Names Description ULL. Input WWa/ lie 
HIGH/LOW Output Ion/loL 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Odd Parity Output 50/33.3 —1mA/20 mA 
Even Parity Output 50/33.3 —1mA/20 mA 
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Truth Table 
Number of 
HIGH Inputs 
lo-lg = Even >= Odd 
0, 2, 4, 6,8 
1,3, 5,7,9 ; 


H = HIGH Voltage Level 
L = LOW Voltage Level 
Logic Diagram 
Ig 
Y Y Y Y Y VY Y Y Y 


| papa} — 
eT) vt thy R00 


ae se Lid 


Gre 


. ZB 


2 
TL/F/9512-4 
d should not be used to estimate propagation delay: 


Please note that this diagram is provided only for the understanding of logic operat 
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Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 58°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


ViIH Input HIGH Voltage 
VIL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 54F 
Leakage Current 74F 


input Leakage Test 

Output Leakage 

Circuit Current ae 
Input LOW Current 


Output Short-Circuit Current 
Power Supply Current 


N OEN © 
hk ATR A 
ie 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to +5.5V 
+ 4.5V to + 5.5V 


54F/74F 


~alaBloo 
COO aoa ]a an 


2 
NN 
a 
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Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = -1mA 
lon = —1mA 


lo. = 20mA 
lo. = 20 mA 


Vin = 2.7V 


Vin = 7.0V 


nN 
a 
oO 


Vout = Vcc 


on 
Oo 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 
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AC Electrical Characteristics: sce section 2 for Waveforms and Load Cenmaueters 


Ta = +25°C 
Parameter Vec = +5.0V 
a as = 50 pF 


Ta; Vec = Mil 
C. = 50 pF 


Propagation Delay wie__typ__ ee 10.0 15.0 6.5 i 6.5 
In to Le 6.5 11.0 16.0 


Propagation Delay 6.0 10.0 15.0 
In to Zo 6.5 11.0 16.0 
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ZA National 


Semiconductor 


54F/74F283 
4-Bit Binary Full Adder with Fast Carry 


General Description Features 


The ’F283 high-speed 4-bit binary full adder with internal ™ Guaranteed 4000V minimum ESD protection 
carry lookahead accepts two 4-bit binary words (Ag-A3, 
Bo-Bg3) and a Carry input (Co). It generates the binary Sum 
outputs (Sg-S3) and the Carry output (C4) from the most 
significant bit. The ’F283 will operate with either active 
HIGH or active LOW operands (positive or negative logic). 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
’ for DIP, SOIC and Flatpak for LCC 
Ag Bo Ay By Ag Bo As Bs 


By Ag NC So Ay 
BOWE) 
[ed 


TL/F/9513-1 





IEEE/IEC 


On 7a Fk WD 


14 1S) tel 07) £8) 
Bs Ag NC Sp Ap 


TL/F/9513-~2 TL/F/9513-3 


Cs 


TL/F/9513-4 


Unit Loading/Fan Out: see Section 2 for ULL. Definitions 


54F/74F 


Description UL. Input hy/li 
HIGH/LOW Output Ion/loL 


A Operand Inputs 1.0/2.0 20 pA/—1.2 mA 
B Operand Inputs 1.0/2.0 20 pA/—1.2 mA 
Carry Input 1.0/1.0 20 pA/—0.6 mA 
Sum Outputs 50/33.3 —1mA/20 mA 
Carry Output 50/33.3 —1mA/20 mA 
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Functional Description 
The ’F283 adds two 4-bit binary words (A plus B) plus the 
incoming Carry (Co). The binary sum appears on the Sum 
(Sg-S3) and outgoing carry (C4) outputs. The binary weight 
of the various inputs and outputs is indicated by the sub- 
script numbers, representing powers of two. 

20 (Ag + Bo + Co) + 21 (Ay + By) 

+ 22 (Ap + Bo) + 23 (Ag + Bg) 
= So + 2S; + 4So + 8S3 + 16C, 
Where (+) = plus 

Interchanging inputs of equal weight does not affect the op- 
eration. Thus Co, Ag, Bo can be arbitrarily assigned to pins 
5, 6 and 7 for DIPS, and 7, 8 and 9 for chip carrier packages. 
Due to the symmetry of the binary add function, the 'F283 
can be used either with all inputs and outputs active HIGH 
(positive logic) or with all inputs and outputs active LOW 
(negative logic). See Figure 7. Note that if Cg is not used it 
must be tied LOW for active HIGH logic or tied HIGH for 
active LOW logic. 


Due to pin limitations, the intermediate carries of the ’F283 
are not brought out for use as inputs or outputs. However, 


Logic Levels 


Active HIGH 
Active LOW 


Active HIGH: 0 + 10+ 9 = 3 + 16 


other means can be used to effectively insert a carry into, or 
bring a carry out from, an intermediate stage. Figure 2 
shows how to make a 3-bit adder. Tying the operand inputs 
of the fourth adder (A3, B3) LOW makes S3 dependent only 
on, and equal to, the carry from the third adder. Using some- 
what the same principle, Figure 3 shows a way of dividing 
the ’F283 into a 2-bit and a 1-bit adder. The third stage 
adder (Ao, Bo, So) is used merely as a means of getting a 
carry (Cy) signal into the fourth stage (via Ap and Bo) and 
bringing out the carry from the second stage on So. Note 
that as long as Ao and Bo are the same, whether HIGH or 
LOW, they do not influence So. Similarly, when Az and Bo 
are the same the carry into the third stage does not influ- 
ence the carry out of the third stage. Figure 4 shows a meth- 
od of implementing a 5-input encoder, where the inputs are 
equally weighted. The outputs So, S; and So present a bina- 
ry number equal to the number of inputs !y—I5 that are true. 
Figure 5 shows one method of implementing a 5-input ma- 
jority gate. When three or more of the inputs |,-I5 are true, 
the output Ms is true. 


Active LOW:1+5+6=12+0 


FIGURE 1. Active HIGH versus Active LOW Interpretation 


TL/F/9513-5 
FIGURE 2. 3-Bit Adder 


TL/F/9513-7 
FIGURE 4. 5-Input Encoder 
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TL/F/9513-6 
FIGURE 3. 2-Bit and 1-Bit Adders 


TL/F/9513-8 


FIGURE 5. 5-Input Majority Gate 





Logic Diagram 
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature — 65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to +175°C 
Voc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Vcc = OV) 

Standard Output 

TRI-STATE® Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io. (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—380 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter ane 
Min Typ Max 


Vind Input HIGH Voltage ra eee Recognized as a HIGH Signal 
| |} —___s_|_¥ |__| Recognized as a LOW Signal 


VIL Input LOW ae 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—58°C to + 125°C 
o°c to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


VOoH Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


‘54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Input HIGH Current 


74F i oe 
Input HIGH Current 54F 100 A Vin = 7.0V 
Breakdown Test 74F 7.0 i 


lon = —1mA 
lon = —1mA 
lon = —1mA 
lo. = 20mA 
lol = 20mA 


Vin = 2.7V 


Output HIGH 54F A Vout = Vcc 
Leakage Current 74F Me 
Input Leakage Test lip = 1.9 pA 
Output Leakage Viop = 150 mV 
Circuit Current age ars | na | 0 | Ail Other Pins Grounded 
Input LOW Current ain Vin = 0.5V (Co) 
Vin = 0.5V (Ap, Br) 


Output Short-Circuit Current | -60 = —150 | ma | 


Vout = OV 


icc __|_ Power Supply Current ee Vo = HIGH 
loci Power Supply Current 36 55 | mA | Max | Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
Co to Sn 


Propagation Delay 
An or By to Spy 


Propagation Delay 
Co to C4 


Propagation Delay 
An Or Bn to C4 


Voc = +5.0V 
a ee = 50 pF 
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Tas Vcc = Mil 
CL = 50pF 


3.5 
3.0 


3.0 
3.0 


3.0 
2.5 


3.0 
2.5 


3.5 
3.0 


3.0 
3.0 


3.0 
3.0 


3.0 
2.5 
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ZANational 


Semiconductor 


54F/74F299 Octal Universal Shift/Storage Register 
with Common Parallel 1/O Pins 


General Description 


The ‘F299 is an 8-bit universal shift/storage register with 
TRI-STATE® outputs. Four modes of operation are possi- 
ble: hold (store), shift left, shift right and load data. The par- 
allel load inputs and flip-flop outputs are multiplexed to re- 
duce the total number of package pins. Additional outputs, 
Qo-Q7, are provided to allow easy serial cascading. A sep- 
arate active LOW Master Reset is used to reset the register. 


Ordering Code: see Sections 
Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


HMR 06 1/0p 1/04 1/02 1/05 1/04 1/05 1/0g 1/07 


TL/F/9515-1 


IEEE/IEC 


oon mane WwW Dd — 


—_ 
Oo 


TL/F/9515~4 


Features 

m Common parallel |1/O for reduced pin count 

m@ Additional serial inputs and outputs for expansion 

mw Four operating modes: shift left, shift right, load and 
store 

m TRI-STATE outputs for bus-oriented applications 

@ Guaranteed 4000V minimum ESD protection 


Connection Diagrams 
Pin Assignment 
for LCC 


Qy 1/05 1/01/04 1/0, 
(5) 
Cad had 





o.8 8,8 
14 © fe © fs) 
/031/0s\/0, 0 DS, 


TL/F/9515-3 


TL/F/9515-2 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


U.L. Input n/c 
HIGH/LOW Output Ion/loL 


Pin Names Description 


cP 
DS 

DS7 

So. $4 

MR 

OE;, OE2 
\/O9-1/07 


Clock Pulse Input (Active Rising Edge) 
Serial Data Input for Right Shift 

Serial Data Input for Left Shift 

Mode Select Inputs 


Parallel Data Inputs or 
TRI-STATE Parallel Outputs 


Qo, Q7 Serial Outputs 


Functional Description 


The ‘F299 contains eight edge-triggered D-type flip-flops 
and the interstage logic necessary to perform synchronous 
shift left, shift right, parallel load and hold operations. The 
type of operation is determined by Sg and Sj, as shown in 
the Mode Select Table. All flip-flop outputs are brought out 
through TRI-STATE buffers to separate I/O pins that also 
serve as data inputs in the parallel load mode. Qo and Q7 
are also brought out on other pins for expansion in serial 
shifting of longer words. 


A LOW signal on MR overrides the Select and CP inputs 
and resets the flip-flops. All other state changes are initiated 
by the rising edge of the clock. Inputs can change when the 
clock is in either state provided only that the recommended 
setup and hold times, relative to the rising edge of CP, are 
observed. 


Asynchronous Master Reset Input (Active LOW) 
TRI-STATE Output Enable Inputs (Active LOW) 
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3.5/1.083 
150/40(33.3) 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 


20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—1.2 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 

70 pA/—0.65 mA 
—3 mA/24 mA (20 mA) 


50/33.3 —1mA/20 mA 


A HIGH signal on either OE; or OE» disables the TRI- 
STATE buffers and puts the I/O pins in the high impedance 
state. In this condition the shift, hold, load and reset opera- 
tions can still occur. The TRI-STATE outputs are also dis- 
abled by HIGH signals on both So and S; in preparation for 
a parallel load operation. 


Mode Select Table 


Asynchronous Reset; Qg-Q7 = LOW 
Parallel Load; I/O, —> Qp 
Shift Right; DSg —> Qo,Qo — Qj, ete. 


H = HIGH Voitage Level 
L = LOW Voltage Level 
X = Immaterial 

/ = LOW-to-HIGH Clock Transition 
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Logic Diagram 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, Voltage Applied to Output 
please contact the National Semiconductor Sales in HIGH State (with Voc = OV) 
Office/Distributors for availability and specifications. Standard Output —0.5V to Voc 


Storage Temperature —65°C to + 150°C .TRI-STATE Output —0.5V to + 5.5V 
Ambient Temperature under Bias —55°C to + 125°C Current Applied to Output 

Junction Temperature under Bias ~55°C to +175°C in LOW State (Max) twice the rated Io, (mA) 
Vcc Pin Potential to ° 

erect osvtorzoy  _ReCoOmmended Operating 

Input Voltage (Note 2) —0.5V to +7.0V Conditions 

Input Current (Note 2) —30 mA to +5.0mA eee Ambient Temperature sees eae 
ESD Last Passing Voltage (Min) 4000V ilitary a to 


Commercial o°C to + 70°C 
Note 1: Absolute maximum ratings are values beyond which the device may ; 
be damaged or have its useful life impaired. Functional operation under Supply Voltage 
these conditions is not implied. Military + 4.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. Commercial + 4.5V to + 5.5V 


DC Electrical See 


Symbol Parameter | SAF /74F | Vcc Conditions 
Min Typ Max 


ViH Input HIGH Voltage (20 - - e Recognized as a HIGH Signal 
Vit Input LOW Voltage a ee Recognized as a LOW Signal 
Vep _| Input Clamp Diode Voltage "2 | V | Min ln = —18mA 


Vou __| Output HIGH 54F 10% Voc lou = —1 mA (Qo, Qy, /On) 
Voltage 54F 10% Voc F lon = —3 mA (I/O,) 

74F 10% Voc | 2. lon = —1 MA (Qo, Q7, I/O) 
74F 10% Voc : lon = —3 mA (I/0,) 

74F 5% Voc : lon = —1mMA (Qo, Q7, I/On) 
74F 5% Voc | 2. lon = —3 mA (I/O,) 


Output LOW 54 10% Vcc lo. = 20 mA 
Voltage 74 10% Vcc lo. = 20 mA (Qo, Q7) 
7410% Voc lor = 24 mA (I/O,) 





liq Input HIGH 54F Vin = 2.7V (CP, DS, DS7, So, Sy, 
Current 74F MR, OE;, OE2) 


IBvi Input HIGH Current 54F 100 A Vin = 7.0V (CP, DSo, DS7, So, Sy, 
Breakdown Test 74F 70 | » MA, OE}, OE») 

IBviTt Input HIGH Current 54F 1.0 rik Vin = 5.5V (I/On) 
Breakdown Test (I/O) 74F 0.5 

IcEX Output HIGH 54F 250 Vout = Vcc 
Leakage Current 74F 50 fee) Mex 

Vip Input Leakage lip = 1.9 pA 
Test a oi ‘s All Other Pins Grounded 
Output Leakage Viop = 150 mV 
Circuit Current sg f 375] pa | 00, All Other Pins Grounded 
Input LOW Current —0.6 nA Vin = 0.5V (CP, DSo, DS7, 

—1.2 Vin = 0.5V (So, S14) 

Output Leakage Current 70 | na | ax Vio = 2.7V (I/On7) 
Output Leakage Current 080] na | Max Vivo = 0.5V (I/On) 


[Power Supply Curent ‘| 6805 | ma | Wax | Vo = LOW 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


7 ee 
Ta = +25°C ae 
Parameter Voc = +5.0V i pao my 
C. = 50 pF s P 
Min T 


yp 

Maximum Input Frequency 70 100 

Propagation Delay 0 7.0 8.0 

CP to Qo or Q7 5 6.5 

Propagation Delay 5 7.0 

CP to !/On, .0 8.5 9.0 

Propagation Delay 

pia 5.5 7.5 : 

MR to Qo or Q7 a 

Propagation Delay 

MA to 1/0, 5.5 11.0 10.0 

Output Enable Time 5 6.0 8.0 
OE to 1/0, .0 7.0 


4 
Output Disable Time 2.0 4.5 6.0 
1.0 
3 


4 
4 
3. 
4 
3 


OE to I/O, 4.0 6.5 


: 1.0 
Output Enable Time 5 ; 3.5 10.0 
Sp to l/O, 4.0 4.0 11.0 
Output Disable Time 2.5 : 2.5 7.0 
Spy to 1/On 1.5 : 1.5 6.5 


AC Operating Requirements: see Section 2 for Waveforms 


: Ta = +25°C _ = 
Parameter Veo = +5.0V Ta; Voc = Mil Ta, Vcc = Com 


Setup Time, HIGH or LOW 8.5 8.5 
So or S; to CP 8.5 8.5 
Hold Time, HIGH or LOW 
So or S; to CP 
Setup Time, HIGH or LOW 
1/On, DS or DS7 to CP 
as ke C7 ee 





Hold Time, HIGH or LOW 
1/On, DSo or DS7 to CP 


CP Pulse Width 

HIGH or LOW 

MR Pulse Width, LOW 
Recovery Time, MR to CP 
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ZA National 


Semiconductor 


54F/74F322 


Octal Serial/Parallel Register with Sign Extend 


General Description 


The 'F322 is an 8-bit shift register with provision for either 
serial or parallel loading and with TRI-STATE® parallel out- 
puts plus a bi-state serial output. Parallel data inputs and 
parallel outputs are multiplexed to minimize pin count. State 
changes are initiated by the rising edge of the clock. Four 
synchronous modes of operation are possible: hold (store), 
shift right with serial entry, shift right with sign extend and 
parallel load. An asynchronous Master Reset (MR) input 
overrides clocked operation and clears the register. 


Ordering Code: see Sections 


Logic Symbols 





TL/F/9516-3 


oon nur wen = 


IEEE/IEC 


poy 
o 


Q% 
TL/F/9516-5 


Pin Assignment 
for DIP, SOIC and Flatpak 


Features 

m@ Multiplexed parallel 1/O ports 

m@ Separate serial input and output 

@ Sign extend function 

m@ TRI-STATE outputs for bus applications 


Connection Diagrams 


Pin Assignment 
for LCC 


OE 1/04 1/03 1/05 1/0, 
HHO 





TL/F/9516-2 


TL/F/9516-1 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


U.L. Input t4y/ 
HIGH/LOW Output Ion/lot 


Description 


Register Enable Input (Active LOW) 
Serial (HIGH) or Parallel (LOW) Mode Control! Input 
Sign Extend Input (Active LOW) 
Serial Data Select Input 


Serial Data Inputs . 
Clock Pulse Input (Active Rising Edge) 


Asynchronous Master Reset Input (Active LOW) 


TRI-STATE Output Enable Input (Active LOW) 
Bi-State Serial Output 

Multiplexed Parallel Data Inputs or 
TRI-STATE Parallel Data Outputs 


Functional Description 


The 'F322 contains eight D-type edge triggered flip-flops 
and the interstage gating required to perform right shift and 
the intrastage gating necessary for hold and synchronous 
parallel load operations. A LOW signal on RE enables shift- 
ing or parallel loading, while a HIGH signal enables the hold 
mode. A HIGH signal on S/P enables shift right, while a 
LOW signal disables the TRI-STATE output buffers and en- 
ables parallel loading. In the shift right mode a HIGH signal 





1.0/1.0 
1.0/1.0 
1.0/3.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
3.5/1.083 - 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.8 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1 mA/—20 mA 
70 pA/—0.65 mA 


150/40 (33.3) | —3 mA/24 mA (20 mA) 


on SE enables serial entry from either Do or Dy, as deter- 
mined by the S input. A LOW signal on SE enables shift right 
but Q7 reloads its contents, thus performing the sign extend 
function required for the ’F384 Twos Complement Multiplier. 
A HIGH signal on OE disables the TRI-STATE output buff- 
ers, regardless of the other control inputs. In this condition 


_ the shifting and loading operations can still be performed. 


Mode Select Table 


Parallel 
Load 


L 
Z 


17 


1/04 W03 I/O2 


L L L L L 
Zz Z 


1/0; WWOo 


lg Is l4 Ig 


O7 
O07 


O6 
O6 


Os 
Os 


O4 
O4 


O7 O6 Os O4 


NC NC NC NC 


*When the OE input is HIGH all I/O, terminals are at the high impedance state; sequential operation or clearing of the register is not affected. 
Note 1: 17-9 = The level of the steady-state input at the respective I/O terminal is loaded into the flip-flop while the flip-flop outputs (except Qo) are isolated from 


the I/O terminal. 


Note 2: Do, Dy = The level of the steady-state inputs to the serial multiplexer input. 
Note 3: O7-Og = The level of the respective Q, flip-flop prior to the last Clock LOW-to-HIGH transition. 


H = HIGH Voltage Level 

L = LOW Voltage Level 

Z = High Impedance Output State 
~~ = LOW-to-HIGH Transition 
NC = No Change 
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Logic Diagram 
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Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 585°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 

Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0 mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter Bolikb 
Typ Max 


Vin Input HIGH Voltage 


Vi_| Input LOW Vottage ie ee Oe 


Vop Input Clamp Diode Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


- 54F 10% Voc 
' 74F 10% Voc 
74F 10% Voc 


VoH Output HIGH 
Voltage 


Output LOW 
Voltage 


Input HIGH 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Input HIGH Current 54F 
Breakdown Test (I/O) 74F 


Output HIGH 54F 
Leakage Current 74F 


Input Leakage 7A4F 
Test 


Output Leakage 3.75 
Circuit Current 


Input LOW Current 


lOZH 
loz 


Output Short-Circuit Current 
Bus Drainage Test 
Power Supply Current 








i<e] N 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) 


—0.5V to Voc 
—0.5V to +5.5V 


twice the rated Io. (mA) 


Recommended Operating 


Conditions 
Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Bead Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1 mA (Qo, !/On) 
lon = —3mA (I/O,) 
loH = —1mMA (Qo, I/Op) 
lon = —3mMA (I/Op,) 
loo = —1 mA (Qo, !/Op) 
loo = ~3 mA (I/Op) 


lo. = 20 mA (Qo, I/On) 
lo. = 20 mA (Qo) 
lo. = 24 mA (I/O,) 


Vin = 2.7V 
VIN = 7.0V (Non-I/O Inputs) 
Vin = 5.5V (I/On) 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (RE, S/P, Dy, CP, MR, OE) 
Vin= 0.5V (S) 

Vin= 0.5V (SE) 

Vivo = 2.7V (I/On) 

Vi/o = 0.5V (I/On) 

VouT = 0V 

Vout = 5.25V 


° 
< 


= = = 33 = = 
GRATE Ee eTeTeTete De eT 
pe} 
x 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
Cy, = 50 pF 


Min Typ Max | Min Max | Min Max_| 
Maximum Clock Frequency | 70 90 ee 


Propagation Delay id : 7.5 3.5 9.5 3.5 
CP to l/On 11.0 3.5 10.0 5.0 2 i 


Propagation Delay 4 7 : 11.0 : - M 
CP to Qo 10.0 


Propagation Delay 
MR to 1/O, 
Propagation Delay 
MR to Qo 


Output Enable Time 12.5 10.0 
OE to 1/0, : : aa io 14.5 a 12.0 


Output Disable Time . ; 6.0 2.0 8.0 2.0 7.0 
OE to I/O, 7.0 2.0 10.0 2.0 8.0 


Output Enable Time 4.5 8.0 10.5 4.5 13.5 4.5 11.5 
S/P to 1/On 6.5 10.0 14.0 5.5 17.0 5.5 15.0 


Output Disable Time 5.0 9.0 11.5 5.0 16.5 5.0 12.5 
S/P to 1/On 6.0 12.0 15.5 6.0 19.5 6.0 16.5 


Tas Vec = Mil Ta, Vcc = Com 
C. = 50 pF CL = 50 pF 


AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C 
eae al = +5.0V 


Symbol Parameter Ta, Voc = Mil ee Vcc = Com 


ts(H) Setup Time, HIGH or LOW eter 14.0 ae 
ts(L) RE to CP 14.0 18.0 16.0 
th(H) Hold Time, HIGH or LOW 

th(L) RE to CP 

ts(H) Setup Time, HIGH or LOW 6.5 8.5 7.5 
t,(L) Do, Dy or I/O, to CP 6.5 8.5 7.6 
th(H) Hold Time, HIGH or LOW 2.0 3.0 

th(L) Do, Dy or I/O, to CP 2.0 3.0 

ts(H) Setup Time, HIGH or LOW 7.0 9.0 

ts(L) SE to CP 2.5 11.0 

th(H) Hold Time, HIGH or LOW 

ty(L) SE to CP 

t,(H) Setup Time, HIGH or LOW 11.0 13.0 12.0 
ts(L) S/P to CP 13.5 21.0 15.5 
ts(H) Setup Time, HIGH or LOW 8.5 7.5 
ts(L) Sto CP 11.0 10.0 
th(H) Hold Time, HIGH or LOW i. 

ty(L) S or S/P to CP 

ty(H) | CP Pulse Width, HIGH or LOW js | 
tw(L) 


tw(t)__| MF Pulse Width, LOW — ec 
tree Recovery Time 
MR to CP 
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ZA National 


Semiconductor 


54F/74F323 Octal Universal Shift/Storage Register 
with Synchronous Reset and Common I/O Pins 


General Description 


The ’F323 is an 8-bit universal! shift/storage register with 
TRI-STATE® outputs. Its function is similar to the "F299 with 
the exception of Synchronous Reset. Parallel load inputs 


‘and flip-flop outputs are multiplexed to minimize pin count. 
Separate serial inputs and outputs are provided for Qo and ~ 


Q7 to allow easy cascading. Four operation modes are pos- 
sible: hold (store), shift left, shift right and parallel load. 


Ordering Code: see Section 5 


Logic Symbols 


PSR a, 07 1/09 1/0; 1/02 1/05 1/04 1/05 1/0 1/07 





TL/F/9517-1 


IEEE/IEC 


oon OO k WH = 


TL/F/9517-5 


Pin Assignment 
for DIP, SOIC and Flatpak 


Features 

m= Common parallel I/O for reduced pin count 

m Additional serial inputs and outputs for expansion 

m Four operating modes: shift left, shift right, load and 
store 

m TRI-STATE outputs for bus-oriented applications 

m Guaranteed 4000V minimum ESD protection 


Connection Diagrams 


Pin Assignment 
for LCC 


Q Wy YOz VO, 0g 
BDOAH} 





TL/F/9517-3 


TL/F/9517~2 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Description 


cP Clock Pulse Input (Active Rising Edge) 
DSo Serial Data Input for Right Shift 

DS7 Serial Data Input for Left Shift 

So, $1 Mode Select Inputs 

SR Synchronous Reset Input (Active LOW) 
OE}, OE2 
1/Og-1/07 Multiplexed Parallel Data Inputs 
TRI-STATE Parallel Data Outputs 


Qo, Q7 Serial Outputs 


Functional Description 

The 'F323 contains eight edge-triggered D-type flip-flops 
and the interstage logic necessary to perform synchronous 
reset, shift left, shift right, parallel load and hold operations. 


The type of operation is determined by So and S; as shown 
in the Mode Select Table. All flip-flop outputs are brought 
out through TRI-STATE buffers to separate I/O pins that 
also serve as data inputs in the parallel load mode. Qo and 
Q7 are also brought out on other pins for expansion in serial 
shifting of longer words. 


A LOW signal on SR overrides the Select inputs and allows 
the flip-flops to be reset by the next rising edge of CP. All 


Mode Select Table 


TRI-STATE Output Enable Inputs (Active LOW) 


54F/74F 


U.L. Input Ua/he 
HIGH/LOW Output Ion/loL 


1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/2.0 20 pA/—1.2 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 »pA/—0.6 mA 
3.5/1.083 70 pA/—0.65 mA 
150/40 (33.3) | —3 mA/24 mA (20 mA) 
50/33.3 —1mA/20 mA 


other state changes are also initiated by the LOW-to-HIGH 
CP transition. Inputs can change when the clock is in either 
state provided only that the recommended setup and hold 
times, relative to the rising edge of CP, are observed. 


A HIGH signal on either OE; or OE» disables the TRI- 
STATE buffers and puts the I/O pins in the high impedance 
state. In this condition the shift, load, hold and reset opera- 
tions can still occur. The TRI-STATE buffers are also dis- 
abled by HIGH signals on both So and S; in preparation for 
a parallel load operation. 


Synchronous Reset; Qoa-Q7 = LOW 
Parallel Load; !/O, —> Qn 

Shift Right; DSg —> Qo,Qo — Q, ete. 
Shift Left; DS7 —> Q7,Q7 — Qe etc. 
Hold 





zs /Loiricr 


IGH Voltage Level 

OW Voltage Level 
mmaterial 

~~ = LOW-to-HIGH transition 


xCrx 
Houog 
iy 
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Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


—0.5V to +7.0V 
~0.5V to +7.0V 
—30 mA to +5.0 mA 


Voltage Applied to Output 
in HIGH State (with Voc = .0V) 
Standard Output 
TRI-STATE Output 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter ae ll Vcc 
Min Typ Max 
finputHiGH voltage | 20 
Input Clamp Diode Voltage fae lin = —18mA 


Vin 
Vit 


Input HIGH Voltage 
Input LOW Voltage 
Vcp 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Vou 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Vcc 
74F 10% Voc 
74F 10% Voc 


NH 


Input HIGH Current 
Breakdown Test 


Input HIGH Current 
Breakdown (I/O) 


Output HIGH 


IBvi a 


Ipvit ae 


ICEX 
Leakage Current 


Input Leakage 
Test 


Vio 





Input HIGH a 
a ea 
100 pA | Max Vin = 7.0V (Non I/O Inputs) 
7.0 
250 
V, = 
Output Leakage 
ee ee 


Output Short-Circuit Current }—6o — —150| ma | Max | 


—0.6 
—-1.2 


Current Applied to Output 
in LOW State (Max) twice the rated Io_ (mA) 


ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 


Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—§5°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 


(Qo, Q7) 
(I/O) 
(Qo, Q7) 
(I/On) 


loo = —1mA 
lon = —3mMA 
loo = —1mA 
lon = —3 mA 
loo = —1mMA (Qo, Q7) 
lon = —3mMA_ (I/Op) 


lol = 20mA_ (I/Opn, Qo, Q7) 
lo. = 20mA_ (Qo, Q7) 
lo. = 24mA_ (I/On) 


VIN = 2.7V 


hp = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V. (CP, DSp, DS7, SR, OE}, OE) 
A Vin = 0.5V (Spo, $4) 


Vout = 0V 


Bus Drainage Test | 800 | A _| 0.0v | Vour = 525v 


Power Supply Current 68 95 | ma | Max | 


Vo = HIGH 


Power Supply Current 68 95 | ma | Max | Vo = LOW 
Power Supply Current 68 95 | ma | Max | Vo = HIGHZ 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
Min 


Maximum Input Frequency 70 
Propagation Delay 4 
CP to Qo or Q7 4 
Propagation Delay 3 
CP to I/O, 4 
Output Enable Time 3. 
4. 
2. 
1 
3 


0 

5 

5 

0 8.5 
5 6.0 
0 7.0 
0 

0 

5 


4.5 
4.0 


Output Disable Time 


Output Enable Time 
Sp to 1/On 4.0 


Output Disable Time 2.5 
Sp to 1/On 1.0 


Ta = +25°C 
Parameter Veo = +5.0V 


Setup Time, HIGH or LOW 
So or Sy to CP 

Hold Time, HIGH or LOW 
So or S; to CP 

Setup Time, HIGH or LOW 
1/On, DSp, DS7 to CP 


Hold Time, HIGH or LOW 
1/On, DSg, DS7 to CP 


8.5 
8.5 
Setup Time, HIGH or LOW 10.0 
SR to CP 10.0 
Hold Time, HIGH or LOW 
SR to CP 
CP Pulse Width 
HIGH or LOW 
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54F/74F350 
4-Bit Shifter with TRI-STATE® Outputs 


General Description Features 


The ’F350 is a specialized multiplexer that accepts a 4-bit | ™@ Linking inputs for word expansion 
word and shifts it 0, 1, 2 or 3 places, as determined by two m TRI-STATE outputs for extending shift range 
Select (So, S14) inputs. For expansion to longer words, three 

linking inputs are provided for lower-order bits; thus two 

packages can shift an 8-bit word, four packages a 16-bit 

word, etc. Shifting by more than three places is accom- 

plished by paralleling the TRI-STATE outputs of different 

packages and using the Output Enable (OE) inputs as a 

third Select level. With appropriate interconnections, the 

F350 can perform zero-backfill, sign-extend or end-around 

(barrel) shift functions. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC 


(3) 7) (6) (5) 4) 
a 


TL/F/9518~-3 





On 7k WP 


a 
IEEE/IEC 
Oz O» NC OF 0, 
D MUX TL/F/9518-1 


0)6 TL/F/9518-2 
G5 (SHIFTER) 


TL/F/9518-8 
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350 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F eh 


U.L. Input fyy/ he 
HIGH/LOW Output Ion/loi 


Description 


Select Inputs 

Data Inputs 

Output Enable Input (Active LOW) 
TRI-STATE Outputs 


Functional Description 


The ’F350 is operationally equivalent to a 4-input multiplexer 
with the inputs connected so that the select code causes 
successive one-bit shifts of the data word. This internal con- 
nection makes it possible to perform shifts of 0, 1, 2 or 3 
places on words of any length. 

A 4-bit data word is introduced at the !, inputs and is shifted 
according to the code applied to the select inputs So, S4. 
Outputs Oo-O3 are TRI-STATE, controlled by an active 
LOW output enable (OE). When OE is LOW, data outputs 
will follow selected data inputs; when HIGH, the data out- 
puts will be forced to the high impedance state. This feature 
allows shifters to be cascaded on the same output lines or 


Truth Table 


HIGH Voltage Level 
LOW Voltage Level 


H 
L 
X = Immaterial 
Z = High Impedance 


Logic Diagram 


ls 


1.0/2.0 
1.0/2.0 
1.0/2.0 
150/40 (33.3) 





20 pA/—1.2 mA 

20 pA/—-1.2 mA 

20 pA/—1.2mA 
—3 mA/24 mA (20 mA) 


to a common bus. The shift function can be logical, with 
zeros pulled in at either or both ends of the shifting field; 
arithmetic, where the sign bit is repeated during a shift 
down; or end around, where the data word forms a continu- 
ous loop. 


Logic Equations 


SoSilo + SoSyl_1 + SoSyl_-o + SoSyl_-3 
SoS4!q + SoSilo + SoSyl_y + SoSyl_2 
SoS4lo + SoS4l} = SoS4lo + SoS4l_4 
SoSilg + SoSylo + SoSqly + SoSilo 


Hou ued 


TL/F/9518-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Applications 


16-Bit Shift-Up 0 to 3 Places, Zero Backfill 
8 9 10 11 12 13 14 15 


TL/F/9518-5 


No Shift 
Shift 1 Place 
Shift 2 Places 
Shift 3 Places 


8-Bit End Around Shift 0 to 7 Places 


TL/F/9518-6 





4-249 


350 


Applications (continued) 
Function Table 


No Shift 

Shift End Around 1 
Shift End Around 2 
Shift End Around 3 
Shift End Around 4 
Shift End Around 5 
Shift End Around 6 
Shift End Around 7 


TIoIoTtdTIirereerere 
wy fear a ee 
SE ke eee 


13-Bit Twos Complement Scaler 


12 1110 9 


TL/F/9518-7 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 

Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0 mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter pal la Voc 
Min Typ Max 


| InputHiGHVotage | 0 | | 
ee ee 


VIH 
VIL Input LOW Voltage 
Veb 


Output HIGH 
Voltage 


VoH 


74F 10% Voc 
74F 5% Voc 
74F 10% Voc 


Output LOW 54F 10% Voc Vv 
Voltage 74F 10% Voc 
20.0 
100 
Output HIGH 54F 250 A 
Leakage Current 74F 50 i 
4F 
F 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


54F 
74F 
54F 
74F 


Test 
Output Leakage 


in___| input LOW Current Max 


Output Leakage Current p80 |_| Max 
Output Leakage Current M 


lozH 
loz 
los 


5 
=60 
0.0V 
mA 
mA 
mA 


Izz 

ICCH 
Ioc 
Iccz 


Input Clamp Diode Voltage pote | Min 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


—1.2 
2.5 
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Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) 


—0.5V to Voc 
—0.5V to + 5.5V 


twice the rated Io, (mA) 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 58°C to + 125°C 
0°C to + 70°C 


+ 4.5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 

lon = —1mA 

lon = —3mA 

lon = —1mA 

lon = —3mA 

lon = ~1mA 

lon = —3mMA 

lol = 20 mA 

lo. = 24mA 


Vin = 2.7V 


se 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = OV 
VouT = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


i) 
x 


— 150 mA 





OSE 


350 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


a 


Ta = +25°C = - 
Parameter Voc = +5.0V aoe = Pane e oor 
CL = 50 pF L P L p 


Min Typ 


Max | Min Max | Min Max | 
Propagation Delay 3.0 4.5 6.0 3.0 7.0 
IntoOn — 2.5 4.0 5.5 2.5 6.5 
4.0 


Propagation Delay 4.0 78 10.0 13.5 
S, to O7 3.0 6.5 8.5 3.0 9.5 
Output Enable Time 2.5 5.0 7.0 2.5 8.0 
4.0 7.0 9.0 4.0 
Output Disable Time 2.0 3.9 5.5 2.0 
2.0 5.5 2.0 
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54F/74F352 
Dual 4-Input Multiplexer 


General Description Features 


The 'F352 is a very high-speed dual 4-input multiplexer with = ™@ Inverted version of ’F153 

common Select inputs and individual Enable inputs foreach =m Separate enables for each multiplexer 

section. It can select two bits of data from four sources. The —™ Input clamp diode limits high speed termination effects 
two buffered outputs present data in the inverted (comple- 

mentary) form. The ’F352 is the functional equivalent of the 

‘F153 except with inverted outputs. 


Ordering Code: see Sections 


Logic Symbols Connection Diagrams 


Pin Assignment for a Pin Assignment 
‘ loa le loa Ia lop Np lop Izy DIP, SOIC and Flatpak \ for LCC 


loa lta NC loa l3n 
ES Ag CHESTS | 
anh E& 


TL/F/9519-3 


IEEE/IEC 





aon owner WP = 


4 f5 
Ib lap NC I34 So 


/F/ - 
MEAeieo tat TL/F/9519-2 


TL/F/9519-5 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description UL. Input ha/Ii 
HIGH/LOW | Output Ion/lo 


Side A Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Side B Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Common Select Inputs 1.0/1.0 20 pA/—0.6 mA 
Side A Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Side B Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Multiplexer Outputs (Inverted) 50/33.3 —1mA/20 mA 
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Functional Description 


The ’F352 is a dual 4-input multiplexer. It selects two bits of 
data from up to four sources under the control of the com- 
mon Select inputs (So, S;). The two 4-input multiplexer cir- 
cuits have individual active LOW Enables (Eg, Ep) which can 
be used to strobe the outputs independently. When the En- 
ables (Ea, Ep) are HIGH, the corresponding outputs (Z,, Zp) 
are forced HIGH. 


The logic equations for the outputs are shown below: 
Za = Ea® (loa ® Sy * So + Iya Sy ° So + 
laa ® S14 ® So + Iga © Sy & So) 
Zp = Ep ® (lop * Si * So + Iyp © Sy # So + 
lap S17 ° So + Ip ¢ Sy ¢ So) 


Truth Table 


Inputs (aor b) 


H 
L 
L 
H 
H 

H 


IGH Voltage Level 
OW Voltage Level 
mmaterial 


5s 


Logic Diagram 
Ex lon lhe 


VW 


The ’F352 can be used to move data from a group of regis- 
ters to a common output bus. The particular register from 
which the data came would be determined by the state of 
the Select inputs. A less obvious application is as a function 
generator. The ’'F352 can generate two functions of three 
variables. This is useful for implementing highly irregular 
random logic. 


isi; 


TL/F/9519-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





Absolute Maximum Ratings (note 1) 
if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallability and specifications. 
Storage Temperature ~65°C to + 150°C 
Ambient Temperature under Bias ~55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 


Input Clamp Diode Voltage te |v | nn | 


Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Input HIGH Current 
Breakdown Test 


Output HIGH 


faite fe | | [ow 
Output Leakage A 
Circuit Current . 


Leakage Current 


Input Leakage 
Test 


Nie 


los 
ICCH 
IocL 


54F/74F 


5 
Input HIGH 54F 20.0 A 
Current 74F 5.0 si 
54F 100 A 
74F 7.0 He 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
o°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


ae Be Recognized as a HIGH Signal 
site 4 Recognized as a LOW Signal 
lin = —18mMA 


lon = —1mA 
lon = —1mA 
lon = —1mMA 
lo. = 20 mA 
lo. = 20 mA 


Vin = 2.7V 


5 


0. 
0. 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 9V 
Vo = HIGH 
Vo = LOW 





oSE 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C, = 50 pF 


Min Typ Max 
Propagation Delay 4.0 . 11.0 3.5 
Sy, to Zp, 3.5 : 8.5 3.0 
Propagation Delay 3.0 : 6.0 2.5 
E, to Zp 3.0 : 7.0 2.5 : 
:. 4s aes 


Ta, Vec = Mil Ta, Vec = Com 
Cy = 50 pF a = 50 pF 


Propagation Delay 2.0 : 7.0 2.0 
In to Zp, 1.3 : 4.0 1.0 
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ZA National 


Semiconductor 


54F/74F353 
Dual 4-Input Multiplexer with TRI-STATE® Outputs 


General Description Features 


The ’F353 is a dual 4-input multiplexer with TRI-STATE out- ™@ Inverted version of 'F253 

puts. It can select two bits of data from four sources using m Multifunction capability 

common Select inputs. The outputs may be individually m Separate enables for each multiplexer 
switched to a high impedance state with a HIGH on the 
respective Output Enable (OE) inputs, allowing the outputs 

to interface directly with bus-oriented systems. 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 


Of of, (00 He '2n '30 lob lt» lap bsp DIP, SOIC and Flatpak for LCC 


loa ia NC lq !30 
BOO w 
eaaas 


TL/F/9520-3 
IEEE/IEC 





On Mmnr wn 


a 
4 G3) © 0) 
ib lap NC Ig So 


TL/F/9520-1 TL/F/9520-2 


TL/F/9520-5 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Pin Names Description ULL. ‘Anput hy/lie 
HIGH/LOW Output lon/lot 


Side A Data Inputs 1.0/1.0 20 pA/—0.6 mA 


Side B Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Common Select Inputs 1.0/1.0 20 pA/—0.6 mA 
Side A Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Side B Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Outputs (Inverted) 150/40 (33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


The ’F353 contains two identical 4-input multiplexers with 
TRI-STATE outputs. They select two bits from four sources 
selected by common Select inputs (Sp, S;). The 4-input mul- 
tiplexers have individual Output Enable (OE,, OEp) inputs 
which, when HIGH, force the outputs to a high impedance 
(High Z) state. The logic equations for the outputs are 
shown below: 
Za = CEa*(IpaeSy#So + I1aeSyeSo + 
Igq®S4°Sq + Igq®S1*So) 
Zp = CEp*(lopeS42Sp + 'ypeSzeSq + 
lop®S1*#So + I3p*S1°So) 


Truth Table 


If the outputs of TRI-STATE devices are tied together, all 
but one device must be in the high impedance state to avoid 
high currents that would exceed the maximum ratings. De- 
signers should ensure that Output Enable signals to TRI- 
STATE devices whose outputs are tied together are de- 
signed so that there is no overlap. . 


Select Output 


Iriwin 


cae oN a= oo 


Address inputs Sg and S; are common to both sections. 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 


Logic Diagram 


mikad 


aa 


2p 


- oe ; 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


4-258 





Absolute Maximum Ratings (note 1) 


tf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 


Voltage Applied to Output 
in HIGH State (with Vocg = OV) 
Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) 


—0.5V to Voc 
—0.5V to + 5.5V 


twice the rated Io, (mA) 


Recommended Operating 
Conditions 7 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 


Input Current (Note 2) —30 mA to +5.0mA 
Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


— 58°C to + 125°C 
o°C to + 70°C 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


+4.5V to +5.5V 
+4.5V to +5.5V 


DC Electrical Characteristics 


54F/74F 


n Typ ax 


Symbol Parameter Vcc Conditions 


= 
= 


ViH Input HIGH Voltage 
VIL Input LOW Voltage 


Vep Input Clamp Diode Voltage 


VoH Output HIGH 
Voltage 


Output LOW 


Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


He Input LOW Current 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


54F 
74F 


54F 
74F 


54F 
74F 


74F 


74F 


lozH Output Leakage Current 


lozL Output Leakage Current 


ed 
°o 





Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


I 
= 
ine) 


IoH =—-1mA 
oH = —3mA 
lon = —1mA 
loo = —3MA 
lon = —1mMA 
loo = —3mMA 


lol = 20 mA 
lo. = 24mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 


= 
> 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 


3 


los Output Short-Circuit Current Vout = OV 
Vout = 5.25V 
Vo = HIGH 
Vo = LOW 


Vo = HIGH Z 


I2z Bus Drainage Test 
IocH Power Supply Current 
IocL Power Supply Current 


3 
> 


3 /r © |r P = 
aelebbays|<[s|sisf<| <  [l<\<{ 8. 
fe) 
< 


a 
> 


locz Power Supply Current 
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AC Electrical Characteristics: see section 2 for waveforms and Load Configurations 


Parameter 


Propagation Delay 
Sp to Z, 


Propagation Delay. 
In to Zp 


Output Enable Time 


Output Disable Time 


Vec = +5.0V 
C, = 50 pF 
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Ta, Vcc = Mil 


1.0 


2.0 
2.5 


2.0 
2.0 


5.0 


10.5 
10.5 


7.0 
8.0 


Ta, Voc = Com 


ia 


2.0 
2.5 


2.0 
2.0 





Semiconductor 


ZA National 


54F/74F365 


Hex Buffer/Driver with TRI-STATE® Outputs 


General Description 


The ’F365 is a hex buffer and line driver designed to be 
employed as a memory and address driver, clock driver and 
bus-oriented transmitter/receiver. 


Ordering Code: see Sections 


Logic Symbol 
lEEE/IEC 


TL/F/9522-4 


Pin Assignment 
for DIP, SOIC and Flatpak 


Features 

@ TRI-STATE buffer outputs 
m Outputs sink 64 mA 

m Bus-oriented 


Connection Diagrams 


Pin Assignment 
for LCC 


bh 0 NC hy Q 
BAH 


4 15) ts) © £8) 


TL/F/9522-1 TL/F/9522-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


U.L. 
HIGH/LOW 


1.0/0.033 


Description 


Output Enable Input 
(Active LOW) 

In Inputs 

On Outputs 


OE,, OE2 


1,0/0.033 
600/106.6 (80) 


Function Table 





54F/74F 
Input lpy/lie 
Output Ion/lo. 
20 pA/20 pA 


20 pA/20 pA 
— 12 mA/64 mA (48 mA) 


L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Immaterial 

2 = High tmpedance 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics - 


jax 


Vin | InputHiGHVotage | 20 

Vu___| Imputtowvortage | 8 

Voo__| InputClamp Diode Voltage |= 12 
2.4 


Vou Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 


74F 10% Voc 
74F 10% Voc 
74F 5% Vcc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current 
Input HIGH Current 
Breakdown Test 

lit Input LOW Current 


lozH Output Leakage Current 
loz Output Leakage Current 


los Output Short-Circuit Current —100 —225 mA 


IcEX 
iz 
loc 
loot 
locz 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to +5.5V 
+4,5V to +5.5V 


Conditions 
V Recognized as a HIGH Signal 
Vv 

Vv 


Recognized as a LOW Signal 
lin = —18mA 


lon = —3mA 
lon = —12mA 
lon = —3mA 
lon = —15mA 
lon = —3mMA 


lo. = 48mA 
lo. = 64mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 


p 


Vout = Vcc 
Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


= 
> 
ad 


3 


= =e TE = = 


3 
> 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
ee ea = 50 pF 
Min | Min Typ Max. 


Propagation Delay ; 4.6 f 2.0 
In to On 4.9 A 2.0 


Ta; Vcc = Mil 
Cy, = 50 pF 


Enable Time 5.1 i 2.0 
5.7 F 2.0 


Disable Time 3.6 : 1.5 
a6 4.4 : 1.5 
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Za National 


Semiconductor 


54F/74F366¢54F/74F368 | 
Hex Inverter Buffer with TRI-STATE® Outputs 


Features 

m TRI-STATE buffer outputs sink 64 mA 

w High-speed 

@ Bus-oriented 

@ High impedance npn base inputs for reduced loading 


Ordering Code: see Sections 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9521~-2 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9521-4 
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Pin Assignment 
for LCC 


Ip 0, NC ly Op 
BOO 


£4) £5) 
TL/F/9521~1 


Pin Assignment 
for LCC 


I, 0, NC |y Oo 
AOA 


peasy) 
Oy I, NC Og ls 
TL/F/9521-3 





Logic Symbols 


89Ee99E 


IEEE/IEC IEEE/IEC 
"F366 


TL/F/9521 - 
Seek TL/F/9521~-6 


Unit Loading/Fan Out: see section 2 for U.L. definitions 


54F/74F 
Pin Names Description ULL. Input Ia/lit. 
HIGH/LOW Output Ion/loL 


Output Enable Input (Active LOW) 1.0/0.033 20 pA/—20 pA 
Input 1.0/0.033 20 pA/—20 pA 
Outputs 600/106.6 (80) | — 12 mA/64 mA (48 mA) 


Function Tables 
"F366 


L = LOW Voltage Level 
H = HIGH Voltage Level 
X = Immaterial 

Z = High Impedance 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature 7 —65°C to + 150°C 
Ambient Temperature under Bias... —55°C to + 125°C 
Junction Temperature under Bias. . —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output | 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. ; 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


ViH 
Vit 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Vcc - 


Input HIGH Current 


Input HIGH Current 
Breakdown Test 


Input LOW Current 
Output Leakage Current 


Vop 
VoH 


loZH 
Output Leakage Current — 


Output Short-Circuit Current 
Output HIGH Leakage Current 


Bus Drainage Test 


loz 
los 
IcEX 
Izz 
IocH Power Supply Current 


loc Power Supply Current 


Iocz Power Supply Current 


54F/74F 


Min Typ Max 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+ 4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mA 


lon = —12mA 
lon = —15mA 


lo. = 48 mA 
lo. = 64mA 


Vin = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
VouT = 2.7V © 
VouT = 0.5V 
Vout = 0V 
Vout = Vcc 
Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


Vv 





AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C _ 
Parameter Veco = +5.0V Rd ee - 
a= = 50pF L P 


Propagation Delay 2.5 4.0 
1.0 1.8 
Enable Time (F366) | - 2.5 4.2 
2.5 4.2 
Enable Time (F368) 2.5 4.2 
3.0 5.6 


Disable Time 2.0 3.3 
2.0 41 
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ZA National 


Semiconductor 


54F/74F373 
Octal Transparent Latch with TRI-STATE® Outputs 


General Description Features 


The 'F373 consists of eight latches with TRI-STATE outputs ™ Eight latches in a single package 

for bus organized system applications. The flip-flops appear m TRI-STATE outputs for bus interfacing 
transparent to the data when Latch Enable (LE) is HIGH. m Guaranteed 4000V minimum ESD protection 
When LE is LOW, the data that meets the setup times is 

latched. Data appears on the bus when the Output Enable 

(OE) is LOW. When OE is HIGH the bus output is in the high 


impedance state. 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 


IEEE/IEC for DIP, SOIC and Flatpak for LCC 


Ds Dy 02 0, D, 
Bmw 
ed het et hel 





a8 88 
i} 
Ds O5 Og Dg D7 
TL/F/9523~-3 


oon rm mem O&O NH — 


o 


TL/F/9523-4 TL/F/9523~2 


Do 0, Dz Ds Dy Dg Dg 07 


Op 0; 0, Os O4 Os Og 07 


TL/F/9523~1 


Unit Loading/Fan Out: see section 2 for U.L. Definitions 


Do-D7 
LE 
OE 
O9-O7 


54F/74F 


Description ULL. Input h/t 
HIGH/LOW Output Ion/lor 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Latch Enable Input (Active HIGH) 1.0/1.0 20 pA/—0.6 mA 
Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Latch Outputs 150/40 (33.3) | —3mA/24 mA (20 mA) 
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Functional Description 


The 'F373 contains eight D-type latches with TRI-STATE 
output buffers. When the Latch Enable (LE) input is HIGH, 
data on the D, inputs enters the latches. In this condition 
the latches are transparent, i.e., a latch output will change 
state each time its D input changes. When LE is LOW, the 
latches store the information that was present on the D in- 
puts a setup time preceding the HIGH-to-LOW transition of 
LE. The TRI-STATE buffers are controlled by the Output 
Enable (OE) input. When OE is LOW, the buffers are in the 
bi-state mode. When OE is HIGH the buffers are in the high 
impedance mode but this does not interfere with entering 
new data into the latches. 


Logic Diagram 


Truth Table 





H = HIGH Voltage Level 
L = LOW Voltage Level 

X = Immaterial 

Z = High Impedance State 


TL/F/9523-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature 
Ambient Temperature under Bias 
Junction Temperature under Bias 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 
Input Current (Note 2) 


these conditions is not implied. 


Note 2: Either voitage limit or current limit is sufficient to protect inputs. 


—65°C to 
—55°C to 
—55°C to 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 


DC Electrical Characteristics 


ViH 
Vit 
Vep 


VOH Output HIGH 


Voltage 


Output LOW 
Voltage 


Input HIGH Current 


| inputLOWCurrent = LOW Current 


Input HIGH Voltage 
Input LOW Ee 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


54F 10% Vcc 
74F 10% Voc 





+ 150°C 
+ 125°C 
+175°C 


Military 

Commer 
Supply Vol 

Military 


cial 
tage 


Commercial 


' 54F/74F 


Voltage Applied to Output 
in HIGH State (with Voc = 
Standard Output 
TRI-STATE Output 

Current Applied to Output © 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 


ae 
teeta Bide votage __f _-ta ) v | in| 


54F 10% Vcc 
54F 10% Voc 
74F 10% Voc 


0.5 
0.5 


20.0 

Glace ae 

Input HIGH Current 54F 100 A 

Breakdown Test 74F 7.0 Be 

Output HIGH 54F 250 A 

Leakage Current 74F 50 b 

Test 

Output Leakage 

ue Current 


ore een meee Tr 
| Output Leakage Curent | 80 | A | Max 
| upasercimowery {ee gh ma ee 
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—0.5V to Voc 
—0.5V to +5.5V 


twice the rated Io, (mA) 
4000V 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 


—58°C to + 125°C 
0°C to +70°C 


+4.5V to +5.5V 
+4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = ~1mA 
lon = —3mA 
loH = —1 mA 
loo = —3mA 
lon = —1mA 
—3mA 


20 mA 
24mA 


lol = 
loL 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = 5.25V 
Vo = HIGH Z 





AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
wee ee 50 pF 


Tas Veco = Mil 
C_ = 50 pF 


Propagation Delay ; ; : 3.0 
Dn to On . ; : 2.0 : 2.0 


Propagation Delay : . F 5.0 . 5.0 
LE toO, i . ; 3.0 : 3.0 


Output Enable Time : . : 2.0 : 2.0 
2.0 . 2.0 


Output Disable Time 1.5 ; : 1.5 ; 1.5 
: : : 1.5 : 1.5 


Ta = +25°C 


Parameter Veg = +5.0V 


Tas Vcc = Mil Tas Vec = Com 


Setup Time, HIGH or LOW 
Dr to LE 


Hold Time, HIGH or LOW 
Dn to LE 
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CA National 


Semiconductor 


54F/74F374 
Octal D-Type Flip-Flop with TRI-STATE® Outputs 


General Description Features 

The 'F374 is a high-speed, low-power octal D-type flip-flop | ™ Edge-triggered D-type inputs 

featuring separate D-type inputs for each flip-flop and ™ Buffered positive edge-triggered clock 
TRI-STATE outputs for bus-oriented applications. A buff- ™ TRI-STATE outputs for bus-oriented applications 
ered Clock (CP) and Output Enable (OE) are common to all @ Guaranteed 4000V minimum ESD protection 
flip-flops. 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC 


0, D. 
Do Dy Dp Ds Dy Ds Og 07 = een 
ns 8 8 
Oy 0; 02 03 04 Os Og 07 


TL/F/9524-1 





LA} a 
£4 G5) 6) 7) £3) 
Ds, 05 05 Dg Dy 


IEEE/IEC 


omrant 7m one whe = 


= 
o 


TL/F/9524-3 


TL/F/9524-2 
Q 
0, 
02 
03 
%4 
05 
06 
07 
TL/F/9524-4 


Unit Loading/Fan Out: see Section 2 for U. ee Definitions 


a 7 ae 
Description ULL. Input liq/hie 
HIGH/LOW Output lon/loL 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


The 'F374 consists of eight edge-triggered flip-flops with in- 
dividual D-type inputs and TRI-STATE true outputs. The 
buffered clock and buffered Output Enable are common to 
all flip-flops. The eight flip-flops will store the state of their 
individual D inputs that meet the setup and hold time re- 
quirements on the LOW-to-HIGH Clock (CP) transition. With 
the Output Enable (OE) LOW, the contents of the eight flip- 
flops are available at the outputs. When the OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affected the state of the flip-flops. 


Logic Diagram 


ee Table 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
ce = High Impedance 
= LOW-to-HIGH Clock Transition 


TL/F/9524-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin | imputHiGHVotage | 20 

Yu___| inputLowvottage | 8 

Veo 
2.5 


Vou Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input Leakage 
Test vs 


Output Leakage 


F 

F 

F 

Output HIGH 54F 
Leakage Current 74F 
F 

4F 


Circuit Current f 


loz 
loz 





2.7 
54F 10% Vcc 0.5 Vv 
74F 10% Voc 0.5 
Input HIGH 54 20.0 A 
Current 74 5.0 B 
Input HIGH Current 54 100 
Breakdown Test 74F 7.0 


250 
50 
Input LOW Current | 06 | om 


Recommended Operating 


Conditions . 
Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Vec Conditions 


Vv Recognized as a HIGH Signal 
Vv Recognized as a LOW Signal 
V lin = —18mA 


lon = —1mA 
lon = —3mA 
lon = —imA 
lon = —3mA 
lon = —1mA 
lon = —3mA 


lo. = 20mA 
lo. = 24mA 


Vin = 2.7V 
Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = OV 
VouT = 5.25V 
Vo = HIGHZ 


0.0 


< 


= = 


Vv 

pA 

A 
pA 
pA 
mA 
pA 
mA 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Corifigurations 


Ta; Vcc = Mil 


Parameter sg = +5.0V C. = 50 pF 


C._ = 50 pF 


Maximum Clock Frequency ree at oe 


Propagation Delay : : 8.5 4.0 10.5 4.0 10.0 
CP to On 8.5 4.0 11.0 4.0 10.0 


Output Enable Time 9.0 11.5 2.0 14.0 2.0 ie = 
5.8 7.5 2.0 10.0 2.0 


Output Disable Time 7.0 2.0 8.0 : : 
R : 5.5 1.5 7.5 


AC Operating die heliadia See Section 2 for Waveforms 


7 ee 


= +25° 
Ta gas Ta, Vec = Mil Ta: Veco = Com 


Parameter Veo = +5.0V 


Setup Time, HIGH or LOW 
Dn to CP 


Hold Time, HIGH or LOW 
D, to CP 


CP Pulse Width 
HIGH or LOW 
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377 


ZA National 


Semiconductor 
54F/74F377 


Octal D Flip-Flop with Clock Enable 


General Description 

The ’F377 has eight edge-triggered, D-type flip-flops with 
individual D inputs and Q outputs. The common buffered 
Clock (CP) input loads all flip-flops simultaneously, when the 
Clock Enable (CE) is LOW. 


The register is fully edge-triggered. The state of each D in- 
put, one setup time before the LOW-to-HIGH clock tran- 
sition, is transferred to the corresponding flip-flop’s Q out- 
put. The CE input must be stable only one setup time prior 
to the LOW-to-HIGH clock transition for predictable opera- 
tion. 


Ordering Code: see Sections 


Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


Do Dy Da Dg Dy Ds Dg 07 


Qo 1 % Q3 Q% 5 Q5 





TL/F/9525-1 


oon 7m Oe WwW 


IEEE/IEC 


oO 


TL/F/9525-4 


Features 

a Ideal for addressable register applications 

w Clock enable for address and data synchronization 
applications 

m Eight edge-triggered D flip-flops 

= Buffered common clock 

@ See 'F273 for master reset version 

@ See ’F373 for transparent latch version 

@ See ’F374 for TRI-STATE® version 

m Guaranteed 4000V minimum ESD protection 


Connection Diagrams 


Pin Assignment 
for LCC 


Ds Dy Q) Q; D, 
BOA! 
ges 





a 
4 65) be (7 3} 
Ds Qs Og Dg 0, 


TL/F/9525~3 


TL/F/9525-2 
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LLE 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 
Pin Names Description ULL. Input hiy/lie 
HIGH/LOW | Output lon/lor 


Do-D7 Data Inputs 1.0/1.0 20 pA/—0.6 mA 
CE Clock Enable (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
CP Clock Pulse Input 1.0/1.0 20 pA/—0.6 mA 
Qo-Q7 Data Outputs 50/33.3 —1mA/20 mA 


Mode Select-Function Table 


Operating Mode get 
| = LOW Voltage Level one setup time prior to 


Load "1" 
Load “0” a the LOW-to-HIGH Clock Transition 
X = Immaterial 


L 
Hold a X No Change _/~ = LOW-to-HIGH Clock Transition 
(Do Nothing) xX xX No Change 


H = HIGH Voltage Level 

h = HIGH Voltage Level one setup time prior to 
the LOW-to-HIGH Clock Transition 

L = LOW Voltage Level 





0, 07 
TL/F/9525-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Voc = OV) 

Standard Output 

TRI-STATE Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Min Typ Max 
Input HIGH Voltage eee 


VIH 
VIL 


Input LOW Voltage 


Vep 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 


Vou 


Output LOW 
Voltage 


Input HIGH Current 


pt |_| Max | 
Input HIGH Current 
| ma | Max | 


54F 10% Voc 
74F 10% Voc 


VoL 


NH 


Input LOW Current 

Output Short-Circuit Current 
Output HIGH Leakage Current 
Input Leakage Test 


lop Output Leakage Circuit Current 


locH Power Supply Current 


loci 


Input Clamp Diode Voltage |=. || Min 
2.5 
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Recommended Operating | 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to + §.5V 
+4,5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 


V Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1MA 
lon = —1mA 


lo. = 20mA 
lol = 20mA 


VIN = 2.7V 
Vin = 7.0V 


Vin = 0.5V 
Vout = OV 
Vout = Voc 


hip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 

All Other Pins Grounded 
CP = _/~ 

D, = MR = HIGH 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C._ = 50 pF 


| Min typ Max | Min Max | Min Max_| 
Maximum Clock Frequency See eee eee 
Propagation Delay 3.0 7.0 2.0 8.5 2.5 7.5 
CP to Qn 4.0 9.0 3.0 10.5 3.5 9.0 
AC Operating dae Dhl lcs See Section 2 for Waveforms 


Ta = +25°C 
ee = +5.0V 


Ta) Vec = Mil Ta, Vcc = Com 
C. = 50 pF CL = 50 pF 


Parameter Ta; en = Mil = Vcc = Com 


Setup Time, HIGH or LOW -tie__tet 0 ee 5 

D, to CP 3.5 4.0 

Hold Time, HIGH or LOW 0.5 1.0 

Dy, to CP 1.0 1.0 ne 
Setup Time, HIGH or LOW 44 4.0 41 
CE to CP 3.5 5.0 4.0 
Hold Time, HIGH to LOW 1.5 0.5 
CE to CP 2.5 2.0 
Clock Pulse Width, 6.0 6.0 
HIGH or LOW 6.0 6.0 
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ZANationat 


Semiconductor 
54F/74F378 


General Description 


The ’F378 is a 6-bit register with a buffered common En- 
able. This device is similar to the 'F174, but with common 
Enable rather than common Master Reset. 


Ordering Code: see Sections 
Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


Dp Dy Dy Dz Dy Ds 


Qy Q Q Qs Qy Os 
TL/F/9526~1 


IEEE/IEC 


an Pm On me WwW BO 


Q 
Q, 
Q 
Qs; 
Q% 
Qs 


TL/F/9526-4 


Parallel D Register with Enable 


Features 

@ 6-bit high-speed paralle! register 

@ Positive edge-triggered D-type inputs 

Fully buffered common clock and enable inputs 

@ Input clamp diodes limit high-speed termination effects 
@ Full TTL and CMOS compatible 


Connection Diagrams 


Pin Assignment 
for LCC 


Dy Q NC Dy Dy 
Bm 





a8 8 8 
4 65) 6s 2 8) 
Ds Q, NC Dy Os 

TL/F/9526-3 


TL/F/9526-2 


Unit Loading/Fan Out: see Section 2 for ULL. Definitions 


Description 


E Enable Input (Active LOW) 
Data Inputs 
Clock Pulse Input (Active Rising Edge) 
Outputs 


54F/74F 


U.L. 
HIGH/LOW | Output Ion/lor 


1.0/1.0 
1.0/1.0 
1.0/1.0 
§0/33.3 


Input byy/lie 


20 pA/—-0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 
—1mA/20 mA 
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Functional Description 

The 'F378 consists of six edge-triggered D-type flip-flops 
with individual D inputs and Q inputs. The Clock (CP) and 
Enable (E) inputs are common to all flip-flops. 

When the E input is LOW, new data is entered into the 
register on the LOW-to-HIGH transition of the CP input. 
When the E input is HIGH the register will retain the present 
data independent of the CP input. 


Logic Diagram 


Truth Table 


Inputs 





Output 


| Ee | ce | pm | a | 
H a X No Change 
L “fe H H 
L Sf L L 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

~S = LOW-to-HIGH Clock Transition 


Q) 


TL/F/9526-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10%Vcc 
74F 10% Voc 
74F 5% Vcc 


Output LOW 54F 10% Vcc 
Voltage 74F 10% Voc 


Input HIGH 
Current 
Input HIGH Current 
Breakdown Test 
ICEX Output HIGH 
Leakage Current 
Vip Input Leakage 
Test 
Output Leakage 
Circuit Current a 
Input LOW Current 


Output Short-Circuit Current 
Power Supply Current 


Vop 


VOH 


Voltage 





VoL 


iH 


IBvi 
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Recommended perating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—56°C to + 125°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mMA 
lon = —1mA 
loo = ~1mA 


lo. = 20mA 
lo. = 20 mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 9V 
Vo = LOW 





AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 


Maximum Input Frequency ae a OS 


Propagation Delay 3.0 5.5 7.5 3.0 10.0 
CP to Qn 3.5 6.0 - 8.5 3.5 10.5 


AC Operating Requirements: sce Section 2 for Waveforms 


Ta = +25°C 
Vcc = +5.0V 


Setup Time, HIGH or LOW 4.0 , 4.0 
D, to CP 4.0 4.0 
Hold Time, HIGH or LOW 2.0 
Dr, to CP 2.0 
Setup Time, HIGH or LOW 6.0 4.5 6.0 
Eto CP 10.0 13.0 10.0 
Hold Time, HIGH or LOW 
EtocCP 

_| CP Pulse Width 4.0 5.0 4.0 
HIGH or LOW 6.0 7.5 6.0 


Parameter Ta; Voc = Mil Ta; Vec = Com 
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GA National 


Semiconductor 


54F/74F379 
Quad Parallel Register with Enable 


General Description Features 
The ’F379 is a 4-bit register with buffered common Enable. ™ Edge triggered D-type inputs 
This device is similar to the F175 but features the common __ Buffered positive edge-triggered clock 
Enable rather than common Master Reset. a Buffered common enable input 
@ True and complement outputs 
m@ Guaranteed 4000V minimum ESD protection 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
IEEE/IEC DIP, SOIC and Flatpak for LCC 


Q, Dy NC Dy Q% 
AHS) 


OPED) 
GND 
NC [i] 
cP 
Q, 1 


1 

2 
3 
4 
5 
6 
7 
8 


5) 
Qy Dy NC Ds Qs 
TL/F/9527-2 


TL/F/9527-1 


TL/F/9527-3 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


Pin Names Description ULL. Input Hin/I. 
HIGH/LOW | Output Ion/lo. 


Enable Input (Active LOW) 1.0/1.0 |20 pA/-0.6 mA 
Data Inputs 1.0/1.0 |20 pA/—0.6 mA 
Clock Pulse input (Active Rising Edge); 1.0/1.0 |20 pA/—0.6 mA 
Flip-Flop Outputs 50/33.3 —1mA/20 mA 
Complement Outputs 50/33.3 | —1mA/20mA 
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Functional Description 


The 'F379 consists of four edge-triggered D-Type flip-flops 
with individual D inputs and Q and Q outputs. The Clock 
(CP) and Enable (E) inputs are common to all flip-flops. 
When the E is input HIGH, the register will retain the present 
data independent of the CP input. The D, and E inputs can 
change when the clock is in either state, provided that the 
recommended setup and hold times are observed. 


Logic Diagram 


4-285 


Truth Table 





HIGH Voltage Level 
LOW Voltage Level 


_/ = LOW-to-HIGH Transition 
NC = No Change 


TL/F/9527~4 
Piease note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature . —65°C to + 150°C 
Ambient Temperature under Bias —58°C to +125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Voc = OV) 

Standard Output 

TRI-STATE® Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltge (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
~0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Vi 
Vit 


| InputHIGH Voltage = sd HIGH Voltage 


Input Clamp Diode Voltage pat Lv | i 


Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5%Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 


Output LOW 
Voltage 


| inputLOWCurrent = LOW Current 


Output Short Circuit Current ee ew 
Power Supply Current |p 2840 | mA | Max 


anew Neiagge—e w 





Input HIGH 54F A 
Current 74F MH 

Input HIGH Current 54F 100 A 
Breakdown Test 74F 7.0 . 

Output HIGH 54F A 
Leakage Current 74F B 

Test 

Output Leakage A 
cc al Current B 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 58°C to + 125°C 
" 0°C to + 70°C 


+4.5V to + 5.5V 
+ 4.5V to + 5.5V 


Conditions 


|__| Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —1mA 
lon = —1mA 
lo. = 20 mA 
lo. = 20mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Voc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


| Max | Vin = 0.5V 
Vout = OV 
Vo = LOW 
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AC Electrical Characteristics: see Section 2 for waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
C_ = 50 pF 


Min 


Propagation Delay 
CP to Qn, On 


AC Operating “we See Section 2 for Waveforms 


Ta; Vec = Mil Ta, Voc = Com 


4.0 
4.0 


. 


i = +25°C 


Parameter Veo = +5.0V 


Setup Time, HIGH or LOW 
Dp to CP 


Hold Time, HIGH or LOW 
Dp, to CP 


Hold Time, HIGH or LOW 
EtocCp 

CP Pulse Width 

HIGH or LOW 


5.0 
7.0 


1.0 
1.0 
Setup Time, HIGH or LOW 8.0 ; 6.0 
Eto CP 8.0 6.0 
4.0 
5.0 





4-287 


381 


ZANationat 


Semiconductor 


54F/74F381 
4-Bit Arithmetic Logic Unit 


General Description 


The ’F381 performs three arithmetic and three logic opera- 
tions on two 4-bit words, A and B. Two additional select 
input codes force the function outputs LOW or HIGH. Carry 
propagate and generate outputs are provided for use with 
the 'F182 carry lookahead generator for high-speed expan- 
sion to longer word lengths. For ripple expansion, refer to 
the 'F382 ALU data sheet. 


Ordering Code: see sections 


Logic Symbols 


: Ap By Ay By Ap By Az By 





TL/F/9526-3 


IEEE/IEC 


ooaonoaunrkrk wands - 


= 
o 


TL/F/9528-6 


Pin Assignment for 
DIP, SOIC and Flatpak 


Features 

w Low input loading minimizes drive requirements 

m Performs six arithmetic and logic functions 

m Selectable LOW (clear) and HIGH (preset) functions 

@ Carry generate and propagate outputs for use with 
carry lookahead generator 


Connection Diagrams 


Pin Assignment 
for LCC 


Fo S251 So Bo 
BOA! 
a se 





LA 
Fa SB 6 0 
P Cy Bs As Bp 


TL/F/9528-2 


TL/F/9528-1 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Pin Names Description ULL. Input Wa/lie 
HIGH/LOW | Output Ion/lo. 


A Operand Inputs 1.0/3.0 }20pA/—1.8mA 
B Operand Inputs 1.0/3.0 | 20 pA/—-1.8mA 
Function Select Inputs 1.0/1.0 |20 pA/—0.6mA 
Carry Input 1.0/4.0 | 20 pA/—2.4mA 
Carry Generate Output (Active LOW) §0/33.3 —1mA/20 mA 
Carry Propagate Output (Active LOW)|. 50/33.3 —1mA/20 mA 
Function Outputs 50/33.3 —1mA/20 mA 


L8€ 


Functional Description 

Signals applied to the Select inputs Sg—-S» determine the 
mode of operation, as indicated in the Function Select Ta- 
ble. An extensive listing of input and output levels is shown 
in the Truth Table. The circuit performs the arithmetic func- 
tions for either active HIGH or active LOW operands, with 
output levels in the same convention. In the Subtract oper- 
ating modes, it is necessary to force a carry (HIGH for.active 


Function Select Table 


Operation 


Clear 

B Minus A 
A Minus B 
A Plus B 


A®B 
A+B 
AB 
Preset 


H Voltage Levei 
Voltage Level 


FIGURE 1. 16-Bit Lookahead Carry ALU Expansion 


HIGH operands, LOW for active LOW operands) into the Cp, 
input of the least significant package. 


The Carry Generate (G) and Carry Propagate (P) outputs 
supply input signals to the ’F182 carry lookahead generator 
for expansion to longer word length, as shown in Figure 7. 
Note that an ’F382 ALU is used for the most significant 
package. Typical delays for Figure 7 are given in Figure 2. 


FIGURE 2. 16-Bit Delay Tabulation 


Toward Output 


Aj or B; to P 


B to C, + j (F182) 
Cp to F 
CnorC, + 4, OVR 


{Total Delay | 216ns | 2t4ns | 





Cour 
OVERFLOW 


TL/F/9528-4 
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Logic Diagram 


pL les 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


TL/F/9528-5 
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381 


Truth Table 


Function 


B Minus A 


A Minus B 


o> 
3% 
| 
Dm d 
oO 
£s 
es 
o 
a7 
oF 
zo 


o 
3 
E 
E 
Ml 


H= 
L= 
X 
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Absolute Maximum Ratings (note 1) 
if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —§5°C to + 125°C 
Junction Temperature under Bias ~—55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Min Typ Max 
Vin___| Input HIGH Voltage Ea 
2.5 


ViL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 


Vcp 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


OutputLOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 5 
Current 7 
Input HIGH Current 35 
Breakdown Test 7 


Vou 


Voltage 


VoL 


4F 
4F 
4F 
4F° : 
Output HIGH 54F 250 
Leakage Current 74F 50 
Test ; 
4F 


Output Leakage 7 
Circuit Current 


Input LOW Current 





Output Short-Circuit Current —60 
Power Supply Current 





59 
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Recommended Operating. 


Conditions 


Free Air Ambient Temperature 
Military 
Commercial 

Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+4,5V to +5.5V 


Vec Conditions 


i.e Recognized as a HIGH Signal 
aa Recognized as a LOW Signal 
in = —18mA 


lon = —1mA 
lon = —imA 
Jon = —1mA 
lol = 20 mA 
lo. = 20 mA 


Vin = 2.7V 


Vv 
Vv 
‘Vv 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 

Ail Other Pins Grounded 
Vion = 150 mV 

All Other Pins Grounded 
Vin = 0.5V (Sp) 

Vin = 9.5V (An, Bn) 
Vin = 0.5V (Cp) 


Vout = OV 


3/ = — = 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
Ch to F; 


Propagation Delay 
S; to F; 


Propagation Delay 
Aj or Bj toG 
Propagation Delay 
A; or B, to P 


Propagation Delay 
S| to G or P 


2.5 

2.5 

Propagation Delay 4.0 
Any Aor B to Any F 3.5 
5 


4. 
4.0 


3.5 
3.5 


2.5 
3.5 


4.0 
45 


10.4 
8.2 


8.3 
8.2 


6.4 
6.8 


7.2 
6.5 


7.8 
10.2 
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382. 


ZANational | 


Semiconductor 


54F/74F382° 
4-Bit Arithmetic Logic Unit 


General Description 


The "F382 performs three arithmetic and three logic opera- 
tions on two 4-bit words, A and B. Two additional Select 
input codes force the Function outputs LOW or HIGH. An 
Overflow output is provided for convenience in twos com- 
plement arithmetic. A Carry output is provided for ripple ex- 
pansion. For high-speed expansion using a Carry Look- 
ahead Generator, refer to the ’F381 data sheet. 


Ordering Code: see Sections 


Logic Symbols 
IEEE/IEC 


oan Done wn 


= 
o 


TL/F/9529-6 


Ag By Ay By Ag By Az Bs 
n 
Chea 


OvR 
Fo Fy Fa sis 


TL/F/9529-3 


Pin Assignment 
for DIP, SOIC and Flatpak 


Features 3 

m@ Performs six arithmetic and logic functions 

m Selectable LOW (clear) and HIGH (preset) functions 
@ LOW input loading minimizes drive requirements 

m Carry output for ripple expansion 


-™ Overflow output for twos complement arithmetic © 


Connection Diagrams 


Pin Assignment 
for LCC 


Fo Sz Sy So Bo 
3) 7 fe) 4) 
ann 8 





£4 fs 
Cre4 Cy Bs Ag Be 


TL/F/9529~2 


TL/F/9529-1 
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~ Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


U.L. Input lyA/it 
HIGH/LOW Output Ion/lot 


Pin Names Description 


1.0/4.0 
1.0/4.0 
1.0/1.0 
1.0/5.0 
50/33.3 
50/33.3 
50/33.3 


A Operand Inputs 

B Operand Inputs 
Function Select Inputs 
Carry Input 

Carry Output 
Overflow Output 
Function Outputs 


Functional Description 


Signals applied to the Select inputs Sg-S2 determine the 
mode of operation, as indicated in the Function Select Ta- 
ble. An extensive listing of input and output levels is shown 
in the Truth Table. The circuit performs the arithmetic func- 
tions for either active HIGH or active LOW operands, with 
output levels in the same convention. In the Subtract oper- 
ating modes, it is necessary to force a carry (HIGH for active 
HIGH operands, LOW for active LOW operands) into the C, 
input of the least significant package. Ripple expansion is 
illustrated in Figure 7. The overflow output OVR is the Exclu- 
sive-OR of Cy, + 3 and C, + 4; a HIGH signal on OVR 
indicates overflow in twos complement operation. Typical 
delays for Figure 7 are given in Figure 2. 


Far-F7 


20 pA/—2.4 mA 
20 pA/—2.4mA 
20 pA/—-0.6 mA 
20 pA/—-3.0 mA 
—1mA/20 mA 
—1mA/20 mA 
—1mA/20 mA 


Function Select Table 


Operation 


Clear 

B Minus A 
A Minus B 
A Plus B 
A@B 
A+B 
AB 
Preset 


|S 
L 
L 
H 
H 
L 
L 
H 
H 


ceseereefe 





HIGH Voltage Level 


H= 
L = LOW Voltage Level 


AgmAyy 


By-By, 


Cour 
OVERFLOW 


Fa-Fyy 
TL/F/9529-5 


FIGURE 1. 16-Bit Ripply Carry ALU Expansion 


Aj or Bj to Ch + 4 
CytoCn + 4 
CntoCy +4 

Cp to F 

Cp to Cp, + 4, OVR 


Total Delay | 


FIGURE 2. 16-Bit Delay Tabulation 
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Function 


B MINUS A 


AMINUS B 


APLUSB 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 
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Logic Diagram 


“TEipe 


REL] 


‘6 that this diagram is provided only for the understanding of logic opera 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Vcc = OV) 

Standard Output 

TRI-STATE® Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to. +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 


Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—58°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4,5V to +5.5V 


DC Electrical Characteristics over Operating Temperature Range unless otherwise specified 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage . 


Min 
ViH 
Vit 


Output HIGH 54F 10% Voc 


74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 54F 

Current 74F 

Input HIGH Current 54F 

Breakdown Test 74F 
4F 
4F 
4F 


Voltage 





Output HIGH 5 

Leakage Current 7 

Input Leakage 7 4.75 
Test 

Output Leakage 4F 

Circuit Current 


Input LOW Current 


Output Leakage Current 


Output Leakage Current 





loZH 


loz 
Output Short-Circuit Current 


Power Supply Current 


54F/74F 


Typ 


ppp 

“No Oo 
on 
Oo 


~ 
a 
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Vcc _ Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1 mA 
log = —1i1mA 
lon = —1mA 
lo. = 20 mA 
lo. = 20mA 
VIN = 2.7V 


| 
_ 
i) 


Vin = 7.0V 


~J 
oO 


Vout = Vcc 


a 
oO 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (So-So) 
Vin = 0.5V (Ap-Ag, Bo-Ba) 
Vin = 0.5V (Cp, Cn +4) 


Vout = 2.7V 
Vout = 0.5V 
Vout = OV 


= = = = = 





AC Electrical Characteristics: see Section 2 for U.L. definitions 


Parameter 


Propagation Delay 


Propagation Delay 
Any A or B to Any F 
Propagation Delay 
Sj to F; 

Propagation Delay 
Aj or Bj to Cr + 4 
Propagation Delay 
Sj to OVR or Cp + 4 
Propagation Delay 
Cyto Cn + 4 
Propagation Delay 
C, to OVR 


Propagation Delay 
Aj or Bj to OVR 


4.0 


3.5 
3.5 


7.0 
5.0 


2.5 
3.5 


3.5 
2.5 


7.0 
3.0 


Ta = +25°C 
Vcc = +5.0V 


10.4 


11.0 
8.2 


6.0 
6.5 


12.5 
9.0 


5.6 
6.3 


8.0 
7.1 


11.5 
8.0 
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ZANational 


Semiconductor 


54F/74F384 
8-Bit Serial/Parallel Twos Complement Multiplier 


General Description 


The ’F384 is an 8-bit by 1-bit sequential logic element that . 


multiplies two numbers represented in twos complement 
notation. The device implements Booth’s algorithm internal- 
ly to produce a twos complement product that needs no 
subsequent correction. Parallel inputs accept and store an 
8-bit multiplicand (X9—X7). The multiplier word is then ap- 
plied to the Y input in a serial bit stream, least significant bit 


first. The product is clocked out at the SP output, least sig- . 


nificant bit first. 


The K input is used for expansion to longer X words, using 


two or more ’F384 devices by connecting the output (SP) of 
one device to the K input of the other device. The Mode 
Control (M) input is used to establish the most significant 


Ordering Code: see Section 5 


Logic Symbol 


Pin Assignment 
for DIP and SOIC 


PL X7 Xg Xs Xq Xs Xp Xy Xp 


TL/F/10217~1 


ant nner WH DY = 


device. An asynchronous Parallel Load (PL) input clears the 
internal flip-flops to the start condition and enables the X 
latches to accept new multiplicand data. The Parallel Load 
(PL) also clears the opin (SP). 


Features 

m@ Twos complement multiplication 

m@ 8-bit by 1-bit sequential logic element | 

@ Parallel inputs accept and store an 8-bit_multiplicand 
(Xo-X7) 

m K input is used for expansion to longer X words _ 

m@ Functionally and pin compatible to the Am25LS14A 


Connection Diagrams 


Pin Assignment 
for LCC 
SP Xq NC Xy Xo 
ENTE) 
BHEESG& 





4) (3) fe £7 fe 
Xy Ng NC X5 X 


TL/F/10217-2 
TL/F/10217-~3 


ee Loading/Fan-Out: see Section 2 For U.L. Definitions 


Clock Pulse Input (Active Rising Edge) 

Serial Expansion Input 

Mode Control Input 

Asynchronous Parallel Load Input (Active LOW) 
Multiplicand Data Inputs 

Serial Multiplier Input 

Serial XeY Product Output 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 
50/33.3 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.2mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 

—1 mA/20 mA 





4-300 


Functional Description 


Referring to the Logic Diagram and Figure A, the multipli- 
cand (X9-X7) latches are enabled to receive new data when 
PL is LOW. Data that meet the setup/hold time require- 
ments are stored when PL goes HIGH. The LOW signal on 
PL clears the output (SP) as well as the internal flip-flops. 


New multiplicand data enter the X latches during bit time To. 
It is assumed that PL goes LOW shortly after the CP rising 
edge that marks the beginning of To and goes HIGH again 
one recovery time before the beginning of T;. The LSB (Yq) 
of the multiplier is applied to the Y input during To and must 
be held one hold time after the beginning of T;. One propa- 
gation delay after the beginning of T;, the LSB (So) of the 
product appears at the output (SP). This multiplication pro- 
cess is continued by applying Y;-Yg to the Y input causing 
S1-Sg of the product to appear at the output (SP). 


Logic Diagram 


The MSB Y7 (the sign bit) of the multiplier is first applied to 
the Y input during T7 and must be held through T1g causing 
S7-S 5 of the product to appear at the output (SP). This 
extension of the sign bit is a necessary adjunct to the imple- 
mentation of Booth’s algorithm. This is a built-in feature of 
the 'F322 Shift Register (See Figure B). 


Figure C shows the method of using two F384’s to perform 
a 12 x n bit multiplication. Notice that the sign of X is effec- 
tively extended by connecting X14 to X4-X7 of the most 
significant package. Whereas the 8 x 8 multiplication re- 
quired 17 clock periods (m + n to form the product terms 
plus To to clear the multiplier), the arrangement of Figure C 
requires 12 + n + 1 bits to form the product terms. 


TL/F/10217-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Function Table 


Jee ee 





Most Significant Multiplier Device 
Devices Cascaded in Multiplier String 
Load New Multiplicand and Clear 
Internal Sum and Carry Registers 
Device Enabled 

Add Multiplicand to Sum 

Register and Shift 


Subtract Multiplicand from Sum 
Register and Shift 


X 

X 

L 

X 
AR Shift Sum Register 
AR 

R 


H | HH | AR | ShiftsumRegister 


IGH Voltage Level 
OW Voltage Level 
LOW-to-HIGH Transition 
Connected to SP output of high order device 
Xj latches open for new data (i = 0-7) 
AR = Output as required per Booth’s algorithm 
X = Immaterial 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential 
to Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 


—-0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 
Input Clamp Diode Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Vop 


Output HIGH 


VoH 
Voltage 





Output LOW 
Voltage 


Output HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


VoL 


Ni 


IBvi 


NIN OF 
RA TRA 
nee 


IcEx 


Vip Input Leakage 


Test 
lop Output Leakage 

Circuit Current a 
tit Input LOW Current 


Output Short-Circuit Current 
Power Supply Current 


54F/74F 


NNN 
Naa 
Pa, 
° 


Oo 
wo : 
N 
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Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
O°C to +70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


= 
» 
x 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
in = —18mA 


lon = —1mMA 
lon = —1mMA 
lou = —1MA 


lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 


Vin = 7.0V 


Le) 
ai 
fo) 


Vout = Voc 


a 
Oo 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (Except PL) 
Vin = 0.5V (PL) 


Vout = OV 
Vo = HIGH 


= = = = 





AC Electrical Characteristics : see Section 2 for Waveforms and Load Configurations 


sarvar | SAF | TAF 


Ta = +25°C 
Vec = +5.0V 
C. = 50 pF 


Maximum Glock Frequency i mean ae -—____; #2 __|_ we | 


Propagation Delay 3.5 10.0 
CP to SP 3.5 10.0 
Propagation Delay 


Parameter 


AC Operating Requirements : see Section 2 for Waveforms 


sarvar | SAF | TaF 


Ta = +25°C Ta Veco = Ta; Voc = 
en ee = +5.0V 


Parameter 


Setup Time, HIGH or LOW 
K to CP 


Hold Time, HIGH or LOW 
K to CP 


Setup Time, HIGH or LOW 
Y to CP 


Hold Time, HIGH or LOW 
Y to CP 


Setup Time, HIGH or LOW : 
Xp to PL ’ 
Hold Time, HIGH or LOW 2.0 
Xn to PL 4.0 
CP Pulse Width 

HIGH or LOW 


PL Pulse Width, LOW (er eae (SE 


Recovery Time 
PL to CP 
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FIGURE A. Timing Diagram 


TL/F/10217-5 


Serial/Paralle! 
Clock Enable 


H 


L 
F322 
Master Reset 8~Bit Shift Register 
Sign Extend 


Clock 
Output Control 


Multiplier Input 


"F384 
Serlal/Parallel 
Multiptier 


SP 


TL/F/10217-7 
FIGURE B. 8-Bit by 8-Bit Multiplier, Bus Organized, with 8-Bit Truncated Product 
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X11 X10 Xq Xg X7 Xg Xs Xq Xz Xp Xy Xp 


y ¥7 Xe Xs Xa Xs Xo Xt Mo 


Y X7 X5 Xs X4 Xx Xo X, Xo 


FIGURE C. 12-Bit by n-Bit Twos Complement Multiplier 
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OUTPUT 


TL/F/10217-8 
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ZA National 


Semiconductor 


54F/74F385 


Quad Serial Adder/Subiractor 


General Description 


The 'F385 contains four serial adder/subtractors with com- 
mon clock and clear inputs, but independent operand and 
mode select inputs. Each adder/subtractor contains a sum 
flip-flop and a carry-save flip-flop for synchronous opera- 
tions. Each circuit performs either A plus B or A minus B in 
twos complement notation, but can also be used for magni- 
tude-only or ones complement operation. The ’F385 is de- 
signed for use with the ’F384 and 'F784 serial multipliers in 
implementing digital filters or butterfly networks in fast Fouri- 
er transforms. 


Ordering Code: see Section 5 
Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


‘Ay By Sy; Ap By Sp Ag By Sy Ay 8, Sy 





TL/F/9531-1 


IEEE/IEC 


oon nar waAnND 


_ 
oO 


TL/F/9531-5 


Features 

m= Four independent adder/subtractors 

m Twos complement arithmetic 

m Synchronous operation 

™ Common clear and clock 

m Ones complement or magnitude-only capability 


Connection Diagrams 


Pin Assignment 
for LCC 


S2 By Ap Ay By 
bMS) 4 
an afesa 





Ar 
G4) G5) fe) 1) £8) 
Bs As Ay By Sy 


TL/F/9531 ~3 


TL/F/9531-~2 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Pin Names Description 


A Operand Inputs 
B Operand Inputs 
Function Select Inputs 


Clock Pulse Input (Active Rising Edge) 


Asynchronous Master Reset Input (Active LOW) 


Sum or Difference Outputs 


Functional Description 


Each adder contains two edge-triggered flip-flops to store 
the sum and carry, as shown in the Logic Diagram. Flip-flop 
state changes occur on the rising edge of the Clock Pulse 
(CP) input signal. The Select (S) input should be LOW for 
the Add (A plus B) mode and HIGH for the Subtract (A mi- 
nus B) mode. A LOW signal on the asynchronous Master 
Reset (MR) input clears the sum flip-flop and resets the 
Carry flip-flop to zero in the Add mode or presets it to one in 
the Subtract mode. 


Truth Table 


54F/74F 


U.L. Input Iyy/Iie 
HIGH/LOW Output Ion/loL 


1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
50/33.3 ~—1mA/20 mA 


In the Subtract mode, the B operand is internally comple- 
mented. Presetting the carry flip-flop to one completes the 
twos complement transformation by adding one to “A plus 
B” during the first (LSB) operation after MR is released. For 
ones complement subtraction, the carry flip-flop can be set 
to zero by making S LOW during the reset, then making S 
HIGH after the reset but before the next clock. 


' Internal 
Carry 
MR ee ee 


7) 


L 
L 


GTrrTrmIerrerrlyjTTTrTrTerere re lx xy 
Laiorrzirerizttrr lire x =< | oo 


L 
H 
L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


ae Ee Ee Ee | ee 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

* = Inputs before CP transition, output after C 


Ir 


DBTre@dUrtiritdrijrz~rom~ritiereir 


ir 
Lo 


Lee ey eee 


[mie Gece! 0a] pales REN ail pease Wd [e Dee ea| ae ae pt Re ca 


LeeLee Le | esa eae ee 


C, = Carry flip-flop state before (C) and after (C1) clock transition 
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Logic Diagram 


TO 3 OTHER 
ADDER/SUBTRACTORS 


> O 
: TO 3 OTHER 
ADDER/SUBTRACTORS 


. TL/F/9531-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —~55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


ax 


Min Typ M 
Input HIGH Voltage [20s 
2.5 


Vi 
Vit 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 


Veo 
VoH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


InputHIGH 54F 
Current 74F 
Input HIGH Current 54F 


Breakdown Test 74F 


Output HIGH 54F 
Leakage Current 74F 


Voltage 


Voi 


HH 


Ipvi 


IcEx 


Test 


lop Output Leakage 74F 
Circuit Current 

lie input LOW Current 

los Output Short-Circuit Current 


ICCH 


Ioct 
*95 mA for 54F 





37, 5 = = = 


Power Supply Current 68 92* 
Power Supply Current 68 92* 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to +70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


V 
V 


Recognized as a LOW Signal 
lin = —18mA 


loo = —1mA 
lon = —1 mA 
lon = —1mA 
loL = 20 mA 
lo. = 20mA 


VIN = 2.7V 


V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 
Vo = LOW 


3.75 
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 


Min _Min__typ Ma 


Ta = +25°C 


Parameter Veo = +5.0V 


Ta; Vec = Mil Ta, Vec = Com 


Setup Time, HIGH or LOW 15.0 17.5 15.0 


An to CP 15.0 17.5 15.0 


Hold Time, HIGH or LOW che. sll 


An to CP 


Hold Time, HIGH or LOW 


Setup Time, HIGH or LOW 17.5 
Br or Sp, to CP 17.5 


CP Pulse Width 6.0 7.0 

HIGH or LOW 60 7.0 
MR Width, LOW feo | es 
RecoveyyTime,MAtocP | 65 | 00 


6.0 
6.0 
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ZA National 


Semiconductor 


54F/74F398 ¢ 54F/74F399 
Quad 2-Port Register 


General Description Features 


The 'F398 and ’F399 are the logical equivalents of aquad ™ Select inputs from two data sources 

2-input multiplexer feeding into four. edge-triggered flip- ™ Fully positive edge-triggered operation 

flops. A common Select input determines which of the two sm Both true and complement outputs—’F398 

4-bit words is accepted. The selected data enters the flip- mj Guaranteed 4000V minimum ESD protection—’F399 
flops on the rising edge of the clock. The ’F399 is the 16-pin 

version of the ’F398, with only the Q outputs of the flip-flops 

available. 


Ordering Code: see sections 


Connection Diagrams 


Pin Assignment Pin Assignment 
for LCC for DIP, SOIC and Flatpak 


Ob lob tb te lon 
(6) ) 





(i5) fi) 
loc Ne Na log Qa 


o On DN FF WD = 


Oo 


TL/F/9533-5 


TL/F/9533-6 


lob ib NC lia loa 
16) 





1 
2 
3 
4 
5 
6 
7 
8 


log Ne NC lig loa 





TL/F/9533~-8 
TL/F/9533-7 
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Logic Symbols 


"F398 IEEE/IEC 
| "F398 


loa Ste lob Ib loc Ne lod he 


Qn QO O% 2% 


TL/F/9533-2 


loa Na lob ‘ib loc TL/F/9533~1 


TL/F/9533~—4 


TL/F/9533-3 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


Pin Names Description ULL. Input NH/h. 
HIGH/LOW Output !on/loL 


Common Select Input 1.0/1.0 20 pA/—0.6 mA 
Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
Data Inputs from Source 0 1.0/1.0 20 pA/—0.6 mA 
Data Inputs from Source 1 1.0/1.0 20 pA/—0.6 mA 
Register True Outputs 50/33.3 —1mA/20 mA 
Register Complementary Outputs (’F398) 50/33.3 —1mA/20 mA 
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Functional Description 


The ’F398 and 'F399 are high-speed quad 2-port registers. 
They select four bits of data from either of two sources 
(Ports) under. control of a common Select input (S). The 
selected data is transferred to a 4-bit output register syn- 
chronous with the LOW-to-HIGH transition of the Clock in- 
put (CP). The 4-bit D-type output register is fully edge-trig- 
gered. The Data inputs (Iox, 11.) and Select input (S) must be 
stable only a setup time prior to and hold time after the 
LOW-to-HIGH transition of the Clock input for predictable 
operation. The 'F398 has both Q and Q outputs. 


Logic Diagram 


“F398 Only 


Function Table 


Outputs 


H = HIGH Voltage Level 

L = LOW Voitage Level 

h = HIGH Voltage Level one setup time prior to the LOW-to-HIGH clock 
transition . 

| = LOW Voltage Level one setup time prior to the LOW-to-HIGH clock 
transition 

X = Immaterial 

*’F398 only 


TL/F/9533-9 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please. contact the National Semiconductor Sales ; 2 i 
Office/Distributors for availability and specifications. ai Temperature ‘55°C to +425°C 


Storage Temperature —65°C to + 150°C ‘Commercial 0°C to +70°C 
Ambient Temperature under Bias — 56°C to + 125°C Supply Voltage 


Junction Temperature under Bias —55°C to + 175°C ‘Military. . +4.5V to +5.5V 
Vec Pin Potential to Commercial Ss +4,5V to +5.5V 


Ground Pin a -0.5V to +7.0V 
Input Voitage (Note 2) —0.5V to + 7.0V 
Input Current (Note 2) —30 mA to +5.0mA 


Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output —0.5V to Vcc 
TRI-STATE® Output —0.5V to +5.5V 


Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


ESD Last Passing Voltage (Min) —’F399 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter ati lad ; 


Vi 

Vui__| Inputtowvottage | 

Vop 
2.6 : 


Vou Output HIGH 54F 10% Voc 


cc Conditions 


V 
..v 
Vv 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1 mA 
lon = —1mA 
lon = —1mA 
lol = 20 mA 
lo. = 20mA 


VIN = 2.7V 


Voltage 74F 10% Voc 
74F 5% Voc 





OutputLOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current —54F 
74F 

Input HIGH Current 54F 
Breakdown Test AF 
4F 
4F 
4F 
4F 


Vin = 7.0V 


7 
Output HIGH 5 Nonre Ven 
Leakage Current 7 
Input Leakage 7 ae 
Test 
Output Leakage 
lit Input LOW Current 


Output Short-Circuit Current —60 
ICCH Power Supply Current (’F398) 25 38 
2 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV , 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 9V 
Vo = HIGH 
Vo = LOW 
Vo = HIGH 
Vo = LOW 


IocL Power Supply Current (F398) | 8 
IocH Power Supply Current (’F399) 
Ici Power Supply Current (’F399) i 


= = = 
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


66Ee86E 


Ta = +25°C 
Parameter Vcc = +5.0V 


Min Typ Max | Min Max_| 
Input Clock Frequency | 100 140 ee 
5.7 7.5 3.0 9.5 3.0 8.5 


Propagation Delay 3.0* 
CP toQorQ 3.0 


“F398 3.3 ns 


Ta; Vec = Mil Ta, Vec = Com 
C. = 50 pF C. = 50 pF 


AC Operating Requirements: see Section 2 for Waveforms 


a 


Ta = +25°C 
Vec = + 5.0V 


Setup Time, HIGH or LOW 

In to CP 

Hold Time, HIGH or LOW 1.0 

In to CP 1.0 

Setup Time, HIGH or LOW 7.5 10.5 8.5 

S to CP (’F398) 7.5 10.5 8.5 
7.5 8.5 
7.5 8.5 
4.0 
5.0 


Parameter Ta; Voc = Mil Ta, Voc = Com 


Setup Time, HIGH or LOW 
S to CP (F399) 
Hold Time, HIGH or LOW 
Sto CP 
CP Pulse Width 4 
HIGH or LOW 


4.5 
4.5 
1.5 
1.5 

0 
7.0 
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~ 401 


CA National 


Semiconductor 


54F/74F401 
CRC Generator/Checker 


General Description 


The ’F401 Cycle Redundancy Check (CRC) Generator/ 
Checker provides an advanced tool for implementing the 
most widely used error detection scheme in serial digital 
data handling systems. A 3-bit control input selects one-of- 
eight generator polynomials. The list of polynomials in- 
cludes CRC-16 and CRC-CCITT as weil as their reciprocals 
(reverse polynomials). Automatic right justification is incor- 
porated for polynomials of degree less than 16. Separate 
clear and preset inputs are provided for floppy disk and oth- 
er applications. The Error output indicates whether or not a 


transmission error has occurred. Another control input inhib-- 


its feedback during check word transmission. The ’F401 is 
fully compatible with all TTL families. 


Ordering Code: see Sections 


Logic Symbol 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9534-4 


Features 

m@ Eight selectable polynomials 

m Error indicator 

m Separate preset and clear controls 

m Automatic right justification 

Fully compatible with all TTL logic families 

@ 14-pin package 

m 9401 equivalent 

@ Typical applications: 
Floppy and other disk storage systems 
Digital cassette and cartridge systems 
Data communication systems 


Connection Diagrams 
Pin Assignment 
for LCC 


Sy NC MR NC Sp 
BAL 


fd) 1 i 


TL/F/9534-1 CWENC D NC Q 


TL/F/9534-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


U.L. Input tiq/ti 
HIGH/LOW | Output Ion/loL 


Pin Names Description 


Polynomial Select Inputs 
Data Input 


Clock Input (Operates on HIGH-to-LOW Transition) 


Check Word Enable Input 

Preset (Active LOW) Input 
Master Reset (Active HIGH) Input 
Data Output 

Error Output 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—-0.6 mA 
20 pA/-—0.6 mA 
—1mA/20 mA 
—1mA/20 mA 
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Functional Description 

The ’F401 is a 16-bit programmable device which operates 
on serial data streams and provides a means of detecting 
transmission errors. Cyclic encoding and decoding schemes 
for error detection are based on polynomial manipulation in 
modulo arithmetic. For encoding, the data stream (message 
polynomial) is divided by a selected polynomial. This divi- 
sion results in a remainder which is appended to the mes- 
sage as check bits. For error checking, the bit stream con- 
taining both data and check bits is divided by the same se- 
lected polynomial. If there are no detectable errors, this divi- 
sion results in a zero remainder. Although it is possible to 
choose many generating polynomials of a given degree, 
standards exist that specify a small number of useful poly- 
nomials. The ’F401 implements the polynomials listed in Ta- 
ble | by applying the appropriate logic levels to the select 
pins So, Sy and So. 

The ’F401 consists of a 16-bit register, a Read J Only Memory 
(ROM) and associated control circuitry as shown in the 
block diagram. The polynomial contro! code presented at 
inputs So, S; and So is decoded by the ROM, selecting the 
desired polynomial by establishing shift mode operation on 
the register with Exclusive OR gates at appropriate inputs. 
To generate the check bits, the data stream is entered via 
the Data inputs (D), using the HiGH-to-LOW transition of the 


Clock input (CP). This data is gated with the most significant 
output (Q) of the register, and controls the Exclusive OR 
gates (Figure 1). The Check Word Enable (CWE) must be 
held HIGH while the data is being entered. After the last 
data bit is entered, the CWE is brought LOW and the check 
bits are shifted out of the register and appended to the data 
bits using external gating (Figure 2). 


To check an incoming message for errors, both the data 
and check bits are entered through the D input with the 
CWE input held HIGH. The 'F401 is not in the data path, but 
only monitors the message. The Error Output becomes valid 
after the last check bit has been entered into the ’F401 by a 
HIGH-to-LOW transition of CP. If no detectable errors have 
occurred during the data transmission, the resultant internal 
register bits are all LOW and the Error Output (ER) is LOW. 
lf a detectable error has occurred, ER is HIGH. 


A HIGH on the Master Reset input (MR) asynchronously 
clears the register. A LOW on the Preset input (P) asynchro- 
nously sets the entire register if the control code inputs 
specify a 16-bit polynomial; in the case of 12- or 8-bit check 
polynomials only the most significant 12 or 8 register bits 
are set and the remaining bits are cleared. 


TABLE |! 


Select Code 


x8 + 1 


ft Ee ere 
or ee ee a a 


L 
L 
L 
L 
H 
H 
H 
H 


Block Diagram 


POLYNOMIAL 
SELECT 


DATA 
CLOCK 


MASTER 
RESET 


Polynomial . 


X16 + x15 + X24 4 

X16 + X14+ X41 

X16 + X15 + X13 + X7 + X4+ X24 X14 1 
x12 + X11 + X38 + X24+X4+1 

X8 + X7 4+ X5+X4+X4+1 


X16 + X12 + X5 + 4 
X16 + X11 + X44 1 


Remarks 


CRC-16 
CRC-16 REVERSE 


CRC-12 
LRC-8 


CRC-CCITT 
CRC-CCITT REVERSE 


DETECTOR 


TL/F/9534-5 





LOP 





401 


FIGURE 1. Equivalent Circuit for X16 + X15 + X2 +1 


CHECK WORD 
‘i CE 1 
(NOTE 1 AND 3) — 


i Pp 
D F401 


crc 
GENERATOR/ 


a cP CHECKER 
MR 


NOTE 2 


FIGURE 2. Check Word Generation 


Note 1: Check word Enable is HIGH while data is being clocked, LOW while transmission of check bits. 
Note 2: 'F401 must be reset or preset before each computation. 
Note 3: CRC check bits are generated and appended to data bits. 
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DATA PLUS 
CHECK BITS 


TL/F/9534-6 


TL/F/9534-7 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vog = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Vin 
VIL 


Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Vcc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Input HIGH Current 


ES no 
NO Mn fo) 
ae oe | 
oO e 
2 nN 


Input HIGH Current 
Breakdown Test 


Output HIGH 54F 
Leakage Current 74F 


Input Leakage 

Test 

Output Leakage 

Circuit Current ie 
Input LOW Current 


Output Short-Circuit Current 
Power Supply Current 


i 


54F/74F 


& 
yj 
a 


3] 5 J = =e 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4,5V to +5.5V 


Conditions 


2 
ta) 
< 
° 
i?) 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mA 


loH = —1mA 
lon = —1mA 
lon = —1mA 
lo. = 20mA 
lo. = 20mA 


Vin = 2.7V 


_ 


Vin = 7.0V 


ie] 
a 
oO 


Vout = Vcc 


oa 
oO 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 


» 
x 


sk 

oO 

a 
= 
> 
x 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 


Maximum Clock Frequency 100 
Propagation Delay 4.5 
CP toQ 4.0 I 
Propagation Delay 
MR toQ a as 
Propagation Delay 
PtoQ 
Propagation Delay 
MR to ER 
Propagation Delay 

$ : 2 

5 Al 


Propagation Delay 


CP to ER 4.5 


AC Operating Requirements: see Section 


Ta = +25°C 
Parameter Veco = +5.0V 


Set-up Time, HIGH or LOW 
D to CP 

Set-up Time, HIGH or LOW 
CWE to CP 

Hold Time, HIGH or LOW 
D and CWE to CP 

Clock Pulse Width, 

HIGH or LOW 

MR Pulse Width, HIGH 


Recovery Time 
MR to CP 


Recovery Time 


P to CP 





4.0 
4.0 
P Pulse Width, LOW 
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ZA National 


Semiconductor 


54F/74F402 Serial Data Polynomial 


Generator/Checker 


General Description 


The 'F402 expandable Serial Data Polynomial generator/ 
checker is an expandable version of the ’F401. It provides 
an advanced tool for the implementation of the most widely 
used error detection scheme in serial digital handling sys- 
tems. A 4-bit contro! input selects one-of-six generator poly- 
nomials. The list of polynomials includes CRC-16, CRC- 
CCITT and Ethernet®, as well as three other standard poly- 
nomials (56th order, 48th order, 32d order). Individual clear 
and preset inputs are provided for floppy disk and other 
applications. The Error output indicates whether or not a 
transmission error has occurred. The CWG Control input 
inhibits feedback during check word transmission. The 
"F402 is compatible with FAST® devices and with all TTL 
families. 


Ordering Code: see Section 5 


Logic Symbol 


Pin Assignment 
for DIP, SOIC and Flatpak 


cP 


uv 


MR 


CWG 
RFB 
SEI 
GND 


1 

2 
3 
4 
5 
6 
7 
8 





TL/F/9535-4 





Features 

Guaranteed 30 MHz data rate 

Six selectable polynomials 

Other polynomials available 

Separate preset and clear controls 
Expandable 

Automatic right justification 

Error output open collector 

Typical applications: 

Floppy and other disk storage systems 
Digital cassette and cartridge systems 
Data communication systems 


Available in SOIC, (300 mil only) 


Connection Diagrams 


Pin Assignment 


for LCC 
RFBCWG NC D MR 
Be) G4) 
Sets] X BP 
GND [2] cP 
NC [1 [NC 
ER [2] 2 Vee 






FAS 


D/CW Sz NC Sp Sy 


TL/F/9535-1 
TL/F/9535-2 
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cOP 


402 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 
Description ULL. Input HA/Iie. 
HIGH/LOW Output lon/loL 


Polynomial Select Inputs 
Check Word Generate Input 
Serial Data/Check Word 
Data Input 


Error Output 

Register Output 

Clock Pulse 

Serial Expansion Input 
Register Feedback 
Master Reset 

Preset 


*Open Collector 


Functional Description 


The 'F402 Serial Data Polynomial Generator/Checker is an 
expandable 16-bit programmable device which operates on 
serial data streams and provides a means of detecting 
transmission errors. Cyclic encoding and decoding schemes 
for error detection are based on polynomial manipulation in 
modulo arithmetic. For encoding, the data stream (message 
polynomial) is divided by a selected polynomial. This divi- 
sion results in a remainder (or residue) which is appended to 
the message as check bits. For error checking, the bit 
stream containing both data and check bits is divided by the 
same selected polynomial. If there are no detectable errors, 
this division results in a zero remainder. Although it is possi- 
ble to choose many generating polynomials of a given de- 
gree, standards exist that specify a small number of useful 
polynomials. The ’F402 implements the polynomials listed in 
Table | by applying the appropriate logic levels to the select 
pins So, S+, Se and S3. 

The ’F402 consists of a 16-bit register, a Read Only Memory 
(ROM) and associated control circuitry as shown in the 
Block Diagram. The polynomial control code presented at 
inputs So, Sj, Sp and Sg is decoded by the ROM, selecting 
the desired polynomial or part of a polynomial by establish- 
ing shift mode operation on the register with Exclusive OR 
(XOR) gates at appropriate inputs. To generate the check 
bits, the data stream is entered via the Data Inputs (D), us- 
ing the LOW-to-HIGH transition of the Clock Input (CP). This 
data is gated with the most significant Register Output (RO) 
via the Register Feedback Input (RFB), and controls the 


1.0/0.67 
1.0/0.67 
285(100)/13.3(6.7) 
1.0/0.67 
*/26.7(13.3) 
285(100)/13.3(6.7) 
1.0/0.67 
1.0/0.67 
1.0/0.67 
1.0/0.67 
1.0/0.67 
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20 pA/—0.4 mA 
20 pA/—0.4 mA 
—5.7 mA(—2 mA)/8 mA (4 mA) 
20 pA/—0.4 mA 
*/16 mA (8 mA) 
—5.7 mA(—2 mA)/8 mA (4 mA) 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 


XOR gates. The Check Word Generate (CWG) must be held 
HIGH while the data is being entered. After the last data bit 
is entered, the CWG is brought LOW and the check bits are 
shifted out of the register(s) and appended to the data bits 
(no external gating is needed). 


To check an incoming message for errors, both the data 
and check bits are entered through the D Input with the 
CWG Input held HIGH. The Error Output becomes valid af- 
ter the last check bit has been entered into the ’F402 by a 
LOW-to-HIGH transition of CP, with the exception of the 
Ethernet polynomial (see Applications paragraph). If no de- 
tectable errors have occurred during the data transmission, 
the resultant internal register bits are all LOW and the Error 
Output (ER) is HIGH. If a detectable error has occurred, ER 
is LOW. ER remains valid until the next LOW-to-HIGH tran- 
sition of CP or until the device has been preset or reset. 


A HIGH on the Master Reset Input (MR) asynchronously 

clears the entire register. A LOW on the Preset Input (P) 

asynchronously sets the entire register with the exception 

of: 

1 The Ethernet residue selection, in which the registers 
containing the non-zero residue are cleared; 


2 The 56th order polynomial, in which the 8 least significant 
register bits of the least significant device are cleared; 
and, 


3 Register S=0, in which all bits are cleared. 





TABLE |! 


Select Code : Polynomial Remarks 
0 


L S=0 
X32 4 X26 + X23 4+ X22 4 K16 + Ethernet 
X12 4+ X114 X10 + X8+ X74 X54 X44 X24+X41 Polynomial 
X32 4+ X31 4 X27 + X26-+ X25 4 X19-+4 X16 + Ethernet 
X15-+ X13 4 X124-X11+ X9+X74+ X64 X54 X44 X2+X+1 Residue 
X16+X15+4X244 CRC-16 
X16+X12+4 X5+ 4 CRC-CCITT 


X56 + X55-+ X49-+ X45 + X41 + 

X39 + X38 + X37 + X36 + X31 + 56th 
X22 + X19-+ X17 4+ X16+ X15+ X144+ X12 4 X114 X94 Order 
X5+X+1 

X48 4+ X36 + x35+ 

X23 + X21+ 

X15+4 X134 X8 + X2+ 4 


X32 4 X23 4 X21+ 
X114+-X2+1 
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Block Diagram 
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CONTROL 
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Master Reset 


Data Data /Checkword 


Checkword 
Ww 
Generate ONG 16 BIT REGISTER 
Register Feedback RFB 


Serial Input SEI Register Output 
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ERROR 
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TABLE Il 


Select Code P3 Po P, Cy Co Polynomial 
0 0 


Po Co 
1 


0 


ae 


Applications 


In addition to polynomial! selection there are four other ca- 
pabilities provided for in the F402 ROM. The first is set or 
clear selectability. The sixteen internal registers have the 
capability to be either set or cleared when P is brought 
LOW. This set or clear capability is done in four groups of 4 
(see Table Il, Po—P3). The second ROM capability (Co) is in 
determining the polarity of the check word. As is the case 
with the Ethernet polynomial the check word can be invert- 
ed when it is appended to the data stream or as is the case 
with the other polynomials, the residue is appended with no 
inversion. Thirdly, the ROM contains a bit (C1) which is used 
to select the RFB input instead of the SEI input to be fed 
into the LSB. This is used when the polynomial selected is 
actually a residue (least significant) stored in the ROM 
which indicates whether the selected location is a polynomi- 
al or a residue. If the latter, then it inhibits the RFB input. 


As mentioned previously, upon a successful data transmis- 
sion, the CRC register has a zero residue. There is an ex- 
ception to this, however, with respect to the Ethernet poly- 
nomial. This polynomial, upon a successful data transmis- 
sion, has a non-zero residue in the CRC register (C7 04 DD 
7B)16- In order to provide a no-error indication, two ROM 
locations have been preloaded with the residue so that by 
selecting these locations and clocking the device one addi- 
tional time, after the last check bit has been entered, will 
result in zeroing the CRC register. In this manner a no-error 
indication is achieved. 


With the present mix of polynomials, the largest is 56th or- 
der requiring four devices while the smallest is 16th order 
requiring just one device. In order to accommodate multi- 
plexing between high order polynomials (X 16th order) and 
lower order polynomials, a location of all zeros is provided. 
This allows the user to choose a lower order polynomial 
even if the system is configured for a higher order one. 


oo; +~/]/0° 
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The ’F402 expandable CRC generator checker contains 6 
popular CRC polynomials, 2-16th Order, 2-32"d Order, 1- 
48th Order and 1-56th Order. The application diagram 
shows the ’F402 connected for a 56th Order polynomial. 
Also shown are the input patterns for other polynomials. 
When the ‘F402 is used with a gated clock, disabling the 
clock in a HIGH state will ensure no erroneous clocking 
occurs when the clock is re-enabled. Preset and Master Re- 
set are asynchronous inputs presetting the register to S or 
clearing to 1s respectively (note Ethernet residue and 56th 
Order select code 8, LSB, are exceptions to this). 


To generate a CRC, the pattern for the selected polynomial 
is applied to the S inputs, the register is preset or cleared as 
required, clock is enabled, CWG is set HIGH, data is applied 
to D input, output data is on D/CW. When the last data bit 
has been entered, CWG is set LOW and the register is 
clocked for n bits (where n is the order of the polynomial). 
The clock may now be stopped if desired (holding CWG 
LOW and clocking the register will output zeros from D/CW 
after the residue has been shifted out). 


To check a CRC, the pattern for the selected polynomial is 
applied to the S inputs, the register is preset or cleared as 
required, clock is enabled, CWG is set HIGH, the data 
stream including the CRC is applied to D input. When the 
last bit of the CRC has been entered, the ER output is 
checked: HIGH=error free data, LOW=corrupt data. The 
clock may now be stopped if desired. 


To implement polynomials of lower order than 56th, select 
the number of packages required for the order of polynomial 
and apply the pattern for the selected polynomial to the S 
inputs (0000 on S inputs disables the package from the 
feedback chain). 





Applications (Continued) 
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Error Output 
Serial Data Out 


56th Order 


48th Order 
32nd Order 
Ethernet 
Ethernet Residue 
| CRC=16 
r— CRC=CCITT 
0011 


1 


11 
10 
01 


Zero Register 
Initialize Register 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


Vi 
VIL 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input HIGH Current 54F aa 
74F 


Input HIGH Current 54F 
Breakdown Test 


Output LOW 
Voltage 


Output HIGH 54F 250 
Leakage Current 74F 50 
Test 

4F 


Output Leakage 7 
Circuit Current 


Input LOW Current 


Output Short-Circuit Current 


Open Collector, Output 
OFF Leakage Test 


Power Supply Current 


aa ns | ve | 


Min Typ Max 
Input HIGH Voltage eee es 
2.4 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 

Supply Voltage 

~ Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to + 5.5V 


Conditions 


Pensa Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 

lon = —2 mA (RO, D/CW) 


lon = —5.7 mA (RO, D/CW) 
lon = —5.7 mA (RO, D/CW) 
lo. = 4 mA (D/CW, RO) 

lo. = 8 mA (ER) 

lo. = 16 mA (ER) 

lo. = 8 mA (D/CW, RO) 

VIN = 2.7V 


Vv 
Vv 
Vv 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV (D/CW, RO) 
Vout = Vcc (ER) 


3.75 


250 


165 


3 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Contigurations 


a cee ee ee ee ee 


Ta = +25°C 


Parameter re = +5.0V 
Cy = 50 pF C. = 50 pF 


Maximum Glock Frequency a 


Propagation Delay 15.0 19.0 7.5 26.5 21.0 
CP to D/CW o f 18.0 23.0 9.5 26.5 s 25.0 
Propagation Delay 8.0 13.5 17.0 7.0 26.0 7.0 19.0 
CP to RO 14.0 18.0 7.0 22.5 7.0 20.0 


Ta: Voc = Mil 





Propagation Delay ie : 26.0 33.0 14.0 38.5 14.0 35.0 
CP toER 14.5 18.5 7.5 23.5 7.5 20.5 


Propagation Delay 11.0 18.5 23.5 10.0 31.0 10.0 25.5 
P to D/CW 19.5 24.5 10.5 32.0 10.5 
Propagation Delay 

P to RO 

Propagation Delay 

PtoER 

Propagation Delay 10.5 18.0 23.0 29.0 25.5 
MR to D/CW 11.0 19.0 24.0 io 28.5 io é 26.0 
Propagation Delay 

MR to RO 9.0 15.5 19.5 8.0 23.5 8.0 21.5 
Propagation Delay 

MR to ER 


Propagation Delay 10.5 13.5 19.5 15.0 
D to D/CW 12.0 16.0 20.0 : : 18.0 
Propagation Delay 6.5 11.0 14.0 5.5 21.5 5.5 15.5 
CWG to D/CW 7.0 12.0 15.5 6.0 21.5 6.0 17.5 


Propagation Delay 11.5 19.5 24.5 9.0 29.0 10.5 26.5 
Sp to D/CW 9.5 16.0 20.0 8.5 25.0 8.5 22.0 
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AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C 
Vec = +5.0V 


t,(H) Setup Time, HIGH or LOW 4.5 pM Ma 0 5.0 
ts(L) SEI to CP 4.5 6.0 5.0 
th(H) Hold Time, HIGH or LOW 1.0 
th(L) SEI to CP 1.0 
ts(H) Setup Time, HIGH or LOW 11.0 14.0 12.5 
t.(L) RFB to CP 11.0 14.0 12.5 


Symbol | Parameter a Vec = Mil Ta, Voc = Com 


tn(H) Hold Time, HIGH or LOW 
th(L) RFB to CP 


t,(H) Setup Time, HIGH or LOW 13.5 15.0 
t,(L) Sto CP 13.0 14.5 
th(H) Hold Time, HIGH or LOW 

ty(L) Sto CP 

ts(H) Setup Time, HIGH or LOW 9.0 11.5 10.0 
t,(L) D to CP 9.0 11.5 10.0 
th(H) Hold Time, HIGH or LOW 

ty(L) D to CP 

ts(H) Setup Time, HIGH or LOW 7.0 9.0 8.0 
t.(L) CWG to CP 5.5 8.0 6.5 
th(H) Hold Time, HIGH or LOW 

ty(L) CWG to CP 

tw(H) Clock Pulse Width 4.0 7.0 4.5 
ty(L) HIGH Cr ae LOW ee 0 es 0 cae 5 
ty(H) MR | MR Pulse Width, HIGH —_| Width, HIGH 


tw(t) | P Pulse Width, Low 


trec Recovery Time 
MR to CP 


trac Recovery Time 
P to CP 


3.0 
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First-In First-Out (FIFO) Buffer Memory 


General Description 

The ’F403A is an expandable fall-through type high-speed 
First-In First-Out (FIFO) Buffer Memory optimized for high- 
speed disk or tape controllers and communication buffer 
applications. It is organized as 16-words by 4-bits and may 
be expanded to any number of words or any number of bits 
in multiples of four. Data may be entered or extracted asyn- 
chronously in serial or parallel, allowing economical imple- 
mentation of buffer memories. 

The 'F403A has TRI-STATE® outputs which provide added 
versatility and is fully compatible with all TTL families. 


Ordering Code: see Section 5 
Connection Diagrams 


Pin Assignment 
for DIP and SOIC 


1 

2 
3 
4 
5 
6 
7 
8 
9 


=_ = oe 
yo = oO 


TL/F/9536-2 





Features 

Serial or parallel input 

Serial or parallel output 

Expandable without external logic 
TRI-STATE outputs 

Fully compatible with all TTL families 

Slim 24-pin package 

9403A replacement 

Guaranteed 4000V minimum ESD protection 


Pin Assignment 
for PCC 


IES CPSI Ds NC Dz Do D, 


fy bol 2) 2) eB) 


CPSO OE Q3 NC Q, Qy Qo 
TL/F/9536-3 
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Logic Symbol 


54F/74F 


Description ULL. Input fWy/hie 
HIGH/LOW | Output Ion/lo. 


Parallel Data Inputs 1.0/0.667 20 pA/400 pA 
Serial Data Input 1.0/0.667 20 pA/400 pA 
Parallel Load Input 1.0/0.667 20 wA/400 pA 
Serial Input Clock 1.0/0.667 20 pA/400 pA 
Serial Input Enable 1.0/0.667 20 pA/400 pA 
Transfer to Stack Input 1.0/0.667 20 pA/400 pA 
Serial Output Enable 1.0/0.667 20 pA/400 pA 
Transfer Out Serial 1.0/0.667 20 pA/400 pA 
Transfer Out Parallel 1.0/0.667 20 wA/400 pA 
Master Reset 1.0/0.667 20 wA/400 pA 
Output Enable 1.0/0.667 20 pA/400 pA 
Serial Output Clock 1.0/0.667 20 pA/400 pA 
Parallel Data Outputs 285/26.7 5.7 mMA/16 mA 
Serial Data Output 285/26.7 5.7 mA/16 mA 
Input Register Full 20/13.3 —400 pA/8 mA 
Output Register Empty 20/13.3 — 400 pA/8 mA 





. 4-330 


TL/F/9536-1 





Block Diagram 


INPUT 
CONTROL 


u 


STACK 


| CONTROL 


OUTPUT 
CONTROL 


Functional Description 


As shown in the block diagram the 'F403A consists of three 
sections: 


. An Input Register with parallel and serial data inputs as 
well as control inputs and outputs for input handshaking 
and expansion. 

. A 4-bit wide, 14-word deep fall-through stack with self- 
contained control logic. 

. An Output Register with parallel and serial data outputs 
as well as control inputs and outputs for output hand- 
shaking and expansion. 

Since these three sections operate asynchronously and al- 
most independently, they will be described separately be- 
low. 


INPUT REGISTER (DATA ENTRY) 


The Input Register can receive data in either bit-serial or in 
4-bit parallel form. It stores this data until it is sent to the fall- 
through stack and generates the necessary status and con- 
trol signals. 


Figure 7 is a conceptual logic diagram of the input section. 
As described later, this 5-bit register is initialized by setting 
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INPUT DATA 
INPUT REGISTER 


_—__) 14 X 4 STACK 


OUTPUT REGISTER 
OUTPUT DATA 


TL/F/9536-4 


the Fs flip-flop and resetting the other flip-flops. The Q out- 
put of the last flip-flop (FC) is brought out as the ‘Input Reg- 
ister Full’ output (IRF). After initialization this output is HIGH. 


Parallel Entry—A HIGH on the PL input loads the Do—-D3 
inputs into the Fo—Fs flip-flops and sets the FC flip-flop. This 
forces the IRF output LOW indicating that the input register 
is full. During paralle! entry, the CPS] input must be LOW. If 
parallel expansion is not being implemented, IES must be 
LOW to establish row mastership (see Expansion section). 


Seria! Entry—Data on the Ds input is serially entered into 
the F3, Fo, Fy, Fo, FC shift register on each HIGH-to-LOW 
transition of the CPSI clock input, provided IES and PL are 
LOW. 


After the fourth clock transition, the four data bits are locat- 
ed in the four flip-flops, Fop-F3. The FC flip-flop is set, forc- 
ing the IRF output LOW and internally inhibiting CPSI clock 
pulses from affecting the register, Figure 2 illustrates the 
final positions in a ’F403A resulting from a 64-bit serial bit 
train. Bg is the first bit, Bgg the last bit. 
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Functional Description (continued) 


INPUT REG—> STACK ——= 
(PULSE DERIVED FROM TTS) 


DATA INPUTS TO STACK 


TL/F/9536-5 


FIGURE 1. Conceptual Input Section 


Do 


INPUT 
REGISTER 


OUTPUT 
REGISTER 


Qs 
TL/F/9536-6 
FIGURE 2. Final Positions in a ’F403A Resulting froma 
64-Bit Serial Train 
Transfer to the Stack—The outputs of Flip-Flops Fo-F3 
feed the stack. A LOW level on the TTS input initiates a ‘fall- 
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through’ action. If the top location of the stack is empty, 
data is loaded into the stack and the input register is re-ini- 
tialized. Note that this initialization is postponed until PL is 
LOW again. Thus, automatic FIFO action is achieved by 
connecting the IRF output to the TTS input. 


An RS Flip-Flop (the Request Initialization Flip-Flop shown 
in Figure 10) in the control section records the fact that 
data has been transferred to the stack. This prevents multi- 
ple entry of the same word into the stack despite the fact 
the IRF and TTS may still be LOW. The Request Initializa- 
tion Flip-Flop is not cleared until PL goes LOW. Once in the 
stack, data falls through the stack automatically, pausing 
only when it is necessary to wait for an empty next location. 
In the ’F403A as in most modern FIFO designs, the MR 
input only initializes the stack contro! section and does not 
clear the data. : 


OUTPUT REGISTER (DATA EXTRACTION) 


The Output Register receives 4-bit data words from the bot- 
tom stack location, stores it and outputs data on a TRI- 
STATE 4-bit parallel data bus or on a TRI-STATE serial data 
bus. The output section generates and receives the neces- 
sary status and control signals. Figure 3 is a conceptual 
logic diagram of the output section. 





Functional Description (Continued) 
.. -..- > OUTPUT FROM STACK So 


it HY 


LOAD FROM STACK 





INITIALIZE 





es a 


Vin, 


) >e 
> 


ORE Qs 


Q, 


CS eee ee eee ered Pee, 


iy, 


meee 


OUTPUT DATA 
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FIGURE 3. Conceptual Output Section 


Parallel Data Extraction—When the FIFO is empty after a 
LOW pulse is applied to MR, the Output Register Empty 
(ORE) output is LOW. After data has been entered into the 
FIFO and has fallen through to the bottom stack location, it 
is transferred into the Output Register provided the ‘Trans- 
fer Out Parallel’ (TOP) input is HIGH. As a result of the data 
transfer ORE goes HIGH, indicating valid data on the data 
outputs (provided the TRI-STATE buffer is enabled). TOP 
can now be used to clock out the next word. When TOP 
goes LOW, ORE will go LOW indicating that the output data 
has been extracted, but the data itself remains on the output 
bus until the next HIGH level at TOP permits the transfer of 
the next word (if available) into the Output Register. During 
parallel data extraction CPSO should be LOW. TOS should 
be grounded for single slice operation or connected to the 
appropriate ORE for expanded operation (see Expansion 
section). 

TOP is not edge triggered. Therefore, if TOP goes HIGH 
before data is available from the stack, but data does be- 
come available before TOP goes LOW again, that data will 
be transferred into the Output Register. However, internal 
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control circuitry prevents the same data from being trans- 
ferred twice. If TOP goes HIGH and returns to LOW before 
data is available from the stack, ORE remains LOW indicat- 
ing that there is no valid data at the outputs. 


Serial Data Extraction—When the FIFO is empty after a 
LOW pulse is applied to MR, the Output Register Empty 
(ORE) output is LOW. After data has been entered into the 
FIFO and has fallen through to the bottom stack location, it 
is transferred into the Output Register provided TOS is LOW 
and TOP is HIGH. As a result of the data transfer ORE goes 
HIGH indicating valid data in the register. The TRI-STATE 
Seria! Data Output, Qs, is automatically enabled and puts 
the first data bit on the output bus. Data is serially shifted 
out on the HIGH-to-LOW transition of CPSO. To prevent 
false shifting, CPSO should be LOW when the new word is 
being loaded into the Output Register. The fourth transition 
empties the shift register, forces ORE output LOW and dis- 
ables the serial output, Qs (refer to Figure 3). For serial 
operation the ORE output may be tied to the TOS input, 
requesting a new word from the stack as soon as the previ- 
ous one has been shifted out. 
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Functional Description (continued) 


EXPANSION of (15n+ 1)-words by 4-bits can be constructed, where n is 
Vertical Expansion—The °F403A may be vertically ex- the number of devices. Note that expansion does not sacri- 
panded to store more words without external parts. The in- fice any of the ’F403A’s flexibility for serial/parallel input 
terconnection is necessary to form a 46-word by 4-bit FIFO and output. 

are shown in Figure 4. Using the same technique, and FIFO 


PARALLEL DATA IN 


MASTER PARALLEL -————1 


RESET LOAD 03 Dz Dy Dy 


SERIAL DATA IN 


SERIAL INPUT CLOCK 


IRF 


ORE fO 


'F403A 
SERIAL OUTPUT CLOCK DATA VALID 
QUTPUT ENABLE 


SERIAL 


DATA 
OUTPUT 


PARALLEL 
DATA 


OUT 
TL/F/9536-8 


FIGURE 4. A Vertical Expansion Scheme 
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Functional Description (Continued) 


Horizontal and Vertical Expansion—The ’F403A can be 
expanded in both the horizontal and vertical directions with- 
out any external parts and without sacrificing any of its 
FIFO’s flexibility for serial/parallel input and output. The in- 
terconnections necessary to form a 31-word by 16-bit FIFO 
are shown in Figure 6. Using the same technique, any FIFO 
of (145m-+ 1)-words by (4n)-bits can be constructed, where 
m is the number of devices in a column and n is the number 
of devices in a row. Figures 7 and 8 show the timing dia- 
grams for serial data entry and extraction for the 31-word by 
16-bit FIFO shown in Figure 6. The final position of data 
after serial insertion of 496 bits into the FIFO array of 
Figure 6 is shown in Figure 9. 


Interlocking Circuitry—Most conventional FIFO designs 
provide status signals analogous to IRF and ORE. However, 
when these devices are operated in arrays, variations in unit 
to unit operating speed require external gating to assure all 
devices have completed an operation. The 'F403A incorpo- 
rates simple but effective ‘master/slave’ interlocking circuit- 
ry to eliminate the need for external gating. 


In the ’F403A array of Figure 6 devices 1 and 5 are defined 
as ‘row masters’ and the other devices are slaves to the 
master in their row. No slave in a given row will initialize its 
Input Register until it has received LOW on its IES input 
from a row master or a slave of higher priority. 


In a similar fashion, the ORE outputs of slaves will not go 
HIGH until their OES inputs have gone HIGH. This interlock- 


ing scheme ensures that new input data may be accepted 
by the array when the IRF output of the final slave in that 
row goes HIGH and that output data for the array may be 
extracted when the ORE of the final slave in the output row 
goes HIGH. 


The row master is established by connecting its IES input to 
ground while a slave receives its IES input from the IRF 
output of the next higher priority device. When an array of 
’F403A FIFOs is initialized with a LOW on the MR inputs of 
all devices, the IRF outputs of all devices will be HIGH. 
Thus, only the row master receives a LOW on the IES input 
during initialization. Figure 10 is a conceptual logic diagram 
of the internal circuitry which determines master/slave oper- 
ation. Whenever MR and IES are LOW, the Master Latch is 
set. Whenever TTS goes LOW the Request Initialization 
Flip-Flop will be set. If the Master Latch is HIGH, the Input 
Register will be immediately initialized and the Request Ini- 
tialization Flip-Flop reset. If the Master Latch is reset, the 
Input Register is not initialized until IES goes LOW. In array 
operation, activating the TTS initiates a ripple input register 
initialization from the row master to the last slave. 


A similar operation takes place for the output register. Either 
a TOS or TOP input initiates a load-from-stack operation 
and sets the ORE Request Flip-Flop. If the Master Latch is 
set, the last Output Register Flip-Flop is set and ORE goes 
HIGH. If the Master Latch is reset, the ORE output will be 
LOW until an OES input is received. 


[PARALLEL DATA INPUT. ——______________, 


Dg Dz Dy Do 


D7 Dg Ds D4 


D114 Dyq Dg Dg 


Qs Q2 Q; Q% 


ee PARALLEL DATA OUTPUT 


Q44 49 I Qs 
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FIGURE 5. A Horizontal Expansion Scheme 
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Functional Description (Continued) 
PARALLEL DATA INPUT eng 
Ds Dz Dy Dg D7 D050, Dy 1D49 Dg Og Dy5Dj 4013042 
SERIAL DATA INPUT 


PARALLEL LOAD 0 Oe a HE Hes 1 
wNPUT cLOcK 200 ree EE ee AEE 


4 PL Dg Dz D2 Dy Dp “de PL Dg D3 Dz Dj Dg Lt PL Dg Ds D2 Dy Dg 
Ts Ts 
2 


vd es 0 Ags | ia < a 
| Lolcesi 


‘FAOSA 


an 
PL Ds D3Dz Dy Do We 
IRF 


lu ie BE 
OUTPUT ENABLE oman aE SERIAL 


OUTPUT CLOCK De eee DATA 


DUMP 1 cme Ch a CL Oe OUTPUT 


Qs Qy Q; Q Q7 Og 05 Q, 044 49 Qy Og Qy5 044043042 
PARALLEL DATA OUTPUT 


TL/F/9536-10 
FIGURE 6. A 31 x 16 FIFO Array 
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Functional Description (Continueg) 


DEVICE 1 


mes ol ttz ts pels] s]7[e [slo] wu] 2] | «| ss 
airs _° 2 4 : 4 


Se 
STORE IN STORE IN STORE IN STORE IN 
DEVICE 1 DEVICE 2 DEVICE 3 DEVICE 4 


TL/F/9536-11 
FIGURE 7. Serial Data Entry for Array of Figure 6 


DEVICE 8, TOS ALL DEVICES 


SERIAL DATA OUTPUT 
|] a | os | om | om} fos fof ate] as fa} a |e | os 


DEVICE 5 DEVICE 6 DEVICE 7 DEVICE 8 
TL/F/9536-12 
FIGURE 8. Serial Data Extraction for Array of Figure 6 
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Functional Description (continued) 
SERIAL | D3 Dz Dy O 


‘F403A 'F403A 


By; Byo By Bg Bis By4 Bys By SERIAL 
OUTPUT 
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INITIALIZE 


MASTER (SEE FIGURE 1) 


LATCH 


INPUT REG—» STACK 


s 
(DERIVED FROM TTS) REQUEST 
INTIALIZATION 
FLIP-FLOP 
R 


ORE=REQUEST 
FLIP-FLOP (SEE FIGURE 2) 


LOAD OUTPUT (DERIVED FROM TOP AND TOS) 
REGISTER 


TOP 
TOS 
OES 


TL/F/9536-14 
FIGURE 10. Conceptual Diagram, Interlocking Circuitry 
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Absolute Maximum Ratings$ (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —-55°C to + 175°C 
Vcc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Voc = OV) 

Standard Output 

TRI-STATE Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Vin 
VIL 
Vep 


Input Clamp Diode Voltage 

Output HIGH 54F 10% Voc 

Voltage 54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


74F 5% Voc 


VoH 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Vcc 
74F 10% Voc 
74F 10% Voc 


Input HIGH Current 
Input HIGH Current 
Breakdown Test 
loZH 


Output Leakage Current 
Output Leakage Current 


loze 
los 

ICEX 
IoCL 


Power Supply Current 





n Input LOW Current arts 


Output Short-Circuit Current 
Output HIGH Leakage Current a 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—5§°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


~—400 pA (IRF, ORE) 
—2.0 mA (Qp, Qs) 
— 400 A (IRF, ORE) 
—5.7 mA (Qn, Qs) 
loH = —400 pA (IRF, ORE) 
lon = —5.7 MA (Qn, Qs) 


lo. = 4mA (IRF, ORE) 
lo. = 8 MA (Qh, Qs) 
lo. = 8 mA (IRF, ORE) 
lo. = 16 mA (Qp, Qs) 
VIN = 2.7V 


Vin = 7.0V 


loH = 
loH = 
loH = 
OH = 


= 
x 


= 
x< 


Vin = 0.5V 
Vout = 2.7V 
VouT = 0.5V 
Vout = OV 
Vout = Vcc 
Vo = LOW 
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AC Electrical Characteristics 


Ta = +25°C 


Parameter Voc = +5.0V Ta; Vec = Mil 


Propagation Delay, 
Negative-Going 
CPSI to IRF Output 


Propagation Delay, 
Negative-Going 
TTS to IRF 


Propagation Delay, 
Negative-Going 
CPSO to Qs Output 


Propagation Delay, 
Positive-Going 
TOP to Outputs Qo-Q3 


Propagation Delay, 
Negative-Going 
CPSO to ORE 


Propagation Delay, 
Negative-Going 
TOP to ORE 


Propagation Delay, 
Positive-Going 

TOP to ORE 

Propagation Delay, 
Negative-Going 

TOS to Positive Going ORE 


Propagation Delay, 
Positive-Going 
PL to Negative-Going IRF 


Propagation Delay, 
Negative-Going 
PL to Positive-Going IRF 
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Tas Voc = Com 


403-a, b 


403-c, 0 





403-c, d 


403-c, d 





AC Electrical Characteristics (Continued) 


tPLH 


tPHL 


tpZH 
tpzL 


tPHz 
tpLz 


tP2ZH 
tPzL 


tPHz 
tpLz 


tpZH 
tez 


toFT 
tap 


tas 





ee 


Ta = +25°C 
Parameter Vec = +5.0V 
C_ = 50 pF 


Ta; Vec = Mil Ta, Vec = Com 
C, = 50 pF C,_ = 50 pF 


Propagation Delay, 

Positive-Going 10.0 18.0 9.0 20.5 

OES to ORE 
7.5 17.5 
7.5 17.0 
8.0 17.5 
2.0 8.0 


Propagation Delay, 
Positive-Going 
TES to Positive-Going IRF 


8.5 15.5 
Propagation Delay, 
WH to IRE 8.0 15.0 
9.0 16.0 
2.5 6.5 


Propagation Delay, 


MR to ORE 


Propagation Delay, 
CE to Qo, Qy, Qe, Q3 2.5 7.5 2.0 8.5 


Propagation Delay, 2.5 6.5 2.0 8.0 
OE to Qo, Qy, Qo, Q3 2.5 7.5 2.0 8.0 


Propagation Delay, 
Negative-Going 
OES to Qs 


Propagation Delay, 
Negative-Going 


OES toQs 


Turn On Time 8.5 21.0 8.0 24.0 
TOS to Qs 8.5 20.0 8.0 21.0 


Fall Through Time 45.0 80.0 35.0 95.0 

Parallel Appearance Time, 

ces —10. —1. ~10. —1.0 

ORE to Qo-Q3 te i 

Serial Appearance Time, 

pala - : — 10.0 2.0 
ORE to Qs ou ee j 000 | 


4-341 


z 
o¢ 





veor 





403A 


AC Operating Requirements 


Ta = +25°C ‘ 
= T = 
Symbol Parameter Veo = +5.0V Ta; Voc = Mil A> Vcc = Com 


t.(H) Set-up Time HIGH or LOW 1.0 
t.(L) Dg to Negative CPS! 


th(H) Hold Time, HIGH or LOW 3.5 

th(L) D, to.CPSI 

t(L) Set-up Time, LOW 
TTS to IRF 


403-a, b, 
gh 


Serial or Parallel Mode 


t,(L) Set-up Time, LOW 
Negative-Going ORE to 
Negative-Going TOS 


t,(L) Set-up Time, LOW 
WM ten 0 403- 
Negative-Going IES to CPSI : se 


t,(L) Set-up Time, LOW 

ee 3 403-b 

Negative-Going TTS to CPSI ee 
ts(H) Set-up Time, HIGH or LOW 
ts(L) Parallel Inputs to PL 
th(H) Hold Time, HIGH or LOW 2.0 2.5 
th(b) Parallel Inputs to PL 2.0 2.5 
ty(H) CPSI Pulse Width 
403-a, 

tw(L) HIGH or LOW oP 
tw(tt) | PL Pulse With, HIGH 4.0 ee ee 


ty(L) TTS Pulse Width, LOW 403-a, b, 
Serial or Parallel Mode 


403-c,d 





Ww —_ 
a oO 
oo} 
anj;oo 


ow 
oa 


c,d 
ty(L) MR Pulse Width, LOW 403-f 
tw(H) TOP Pulse Width 4.5 
ty(L) HIGH or LOW 3.5 
tw(H) CPSO Pulse Width 4.5 
ty(L) HIGH or LOW 3.0 


trec Recovery Time 


MR to Any Input 


403-e 
403-c, d 


403-f 
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Timing Waveforms 


veor 


twit) — 


See 
SORA Weeetetetetes eetatetetetece, Pererareretetete: 


tPHL 


t=0 PLH 


ty(L) 
TL/F/9536-15 
Conditions: stack not full, IES, PL LOW 


FIGURE 403-a. Serial Input, Unexpanded or Master Operation 


15¥ Hf] 


SK table Sable SSA Stabl Sable OS el 
. PSD Nhe Nal Mette Aeeo0 


PHL Le tery Ml 


1.5V 
t, =0 


TL/F/9536-16 
Conditions: stack not full, IES HIGH when initiated, PL LOW 


FIGURE 403-b. Serial Input, Expanded Slave Operation 


ty(L)-» tty H) 


f__—\ fi fi iif 
ee \ J \/ ey 1/////, 
i wo 


Sey X ees oY WSO <9 


$4 Sere 
B RBS ee Ves 6" 
B34 a 2 Y/N 


ws 


tw(H)—>] 1.5V 


TL/F/9536-17 
Conditions: data in stack, TOP HIGH, IES LOW when initiated, OES LOW 


FIGURE 403-c. Serial Output, Unexpanded or Master Operation 
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Timing Waveforms (Continued) 


Tos 
TL/F/9536-18 


Conditions: data in stack, TOP HIGH, IES HIGH when initiated 
FIGURE 403-d. Serial Output, Slave Operation 


NEW OUTPUT 


TL/F/9536-19 
Conditions: (ES LOW when initiated, OE, CPSO LOW; data available in stack 


FIGURE 403-e. Parallel Output, 4-Bit Word or Master in Parallel Expansion 


Q-Q5 
TL/F/9536-20 
Conditions: TTS connected to IRF, TOS connected to ORE, IES, OES, OE, CPSO LOW, TOP HIGH 
FIGURE 403-f. Fall Through Time 
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Veor 


Timing Waveforms (continued) 


VA SAA WN 7 M4 AASA/ 
3 S08 8 yes _ 558008 
otetelehetehelcteletctctetete TOV STABLE 1.57 esteretetetatetetets 


1.5V (note 3) 


Tis 
(note 2) 


TL/F/9536-21 


Conditions: stack not full, IES LOW when initialized 
FIGURE 403-g. Parallel Load Mode, 4-Bit Word (Unexpanded) or Master in Parallel Expansion 


TL/F/9536-22 


Conditions: stack not full, device initialized (Note 1) with IES HIGH 
FIGURE 403-h. Parallel Load, Slave Mode 


Note 1: Initialization requires a master reset to occur after power has been applied. 
Note 2: TTS normally connected to IRF. 
Note 3: If stack is full, IRF will stay LOW. 
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ZA National 


Semiconductor 


54F/74F407 
Data Access Register 


General Description 


The ’F407 Data Access Register (DAR) performs memory 
address arithmetic for RAM resident stack applications. It 
contains three 4-bit registers intended for Program Counter 
(Ro), Stack Pointer (Ry), and Operand Address (Ro). The 
"F407 implements 16 instructions which allow either pre- or 
post-decrement/increment and register-to-register transfer 
in a single clock cycle. It is expandable in 4-bit increments 
and can operate at a 30 MHz microinstruction rate on a 
16-bit word. The TRI-STATE® outputs are provided for bus- 
oriented applications. The ’F407 is fully compatible with all 
TTL families. 


Ordering Code: see Sections 


Logic Symbol 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9537-3 


oan OOnr wn =~ 


=_ 
no =—- Oo 


Features 

m High-speed—greater than a 30 MHz microinstruction 
rate 

™@ Three 4-bit registers 

@ 16 instructions for register manipulation 

mw Two separate output ports, one transparent 

m Relative addressing capability 

@ TRI-STATE Outputs 

gm Optional pre- or post- arithmetic 

m Expandable in multiples of four bits 

@ 24-pin slim package 

@ 9407 replacement 


Connection Diagrams 


Pin Assignment 
for LCC 


Xy Xq CP NC EOy Is Ip 
HOA Boe 
hel ad added) 


EPlal-TeE]-) 
0» Dy 6, NC Dy Op Dy 
TL/F/9537~2 


TL/F/9537-1 


Unit Loading/Fan Out: see section 2 ee Se L. definitions 


a 7 ae 74F 
Description ULL. Input yy/Tie 
HIGH/LOW Output Ion/lo. 


Data Inputs (Active LOW) 

Instruction Word Inputs 

Carry Input (Active LOW) 

Carry Output (Active LOW) 

Clock Input (L-H Edge-Triggered) 

Execute Input (Active LOW) 

Address Output Enable Input (Active LOW) 
Data Output Enable Input (Active LOW) 
Address Outputs 

Data Outputs (Active LOW) 





20/13.3 (0.67) 


284 (100)/26.7 (13.3) 
284 (100)/26.7 (13.3)| —5.7 mA (2 mA)/16 mA (8 mA) 


1.0/0.67 
1.0/0.67 
1.0/0.67 


20 pA/—0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4mA 
0.4 mA/8 mA (4 mA) 
20 pA/—0.4 mA 
20 pA/—0.4mA 
20 pA/—-0.4 mA 
20 pA/—0.4 mA 
—5,7 mA (2 mA)/16 mA (8 mA) 


1.0/0.67 
1.0/0.67 
1.0/0.67 
1.0/0.67 
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Functional Description 


The 'F407 contains a 4-bit slice of three Registers (Rg—Ro), 
a 4-bit Adder, a TRI-STATE Address Output Buffer (X9-X3) 
and a separate Output Register with TRI-STATE buffers 
(Oo-03), allowing output of the register contents on the 
data bus (refer to the Block Diagram). The DAR performs 
sixteen instructions, selected by Ig—l3, as listed in the Func- 
tion Table. 


The ’F407 operates ona single clock. CP and EX are inputs 
to a 2-input, active LOW AND gate. For normal operation EX 
is brought LOW while CP is HIGH. A microcycle starts as the 
clock goes HIGH. Data inputs Do-D3 are applied to the 
Adder as one of the operands. Three of the four instruction 
lines (l4-lo-I3) select which of the three registers, if any, is 
to be used as the other operand. The LOW-to-HIGH CP 
transition writes the result from the Adder into a register 
(Ro-Re2) and into the output register provided EX is LOW. If 


the Ig instruction input is HIGH, the multiplexer routes the 
result from the Adder to the TRI-STATE Buffer controlling 
the address bus (X9-X3), independent of EX and CP. The 
F407 is organized as a 4-bit register slice. The active LOW 
Cl and CO lines allow ripple-carry expansion over longer 
word lengths. 


In a typical application, the register utilization in the DAR 
may be as follows: Ro is the Program Counter (PC), Ry is 
the Stack Pointer (SP) for memory resident stacks and Ro 
contains the operand address. For an instruction Fetch, PC 
can be gated on the X-Bus while it is being incremented 
(i.e., D-Bus = 1). If the fetched instruction calls for an effec- 
tive address for execution, which is displaced from the PC, 
the displacement can be added to the PC and loaded into 
Ra during the next microcycle. 


Function Table 


Instruction 


Ro 
Ro 
Ro 
Ry 
Ra 
D Plus Cl 
Ro 
D Plus Cl 
Re 


Ry 
D Plus Cl 


7 Ca A A ce a Col cae CR TS MGR CA cra co ra ca 
me ae FOS a Se ee See a 
2 Er 2 re eee er 


L 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 


H = HIGH Voltage Level 
L = LOW Voltage Level 


Combinatorial Function 
Available on the X-Bus 


Ro Plus D Plus Cl 
Ro Plus D Plus Cl 
Ro Plus D Plus Cl 


Ry Plus D Plus Cl 


Ro Plus D Plus Cl 
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Sequential Function Occurring 
on the Next Rising CP Edge 


Ro Plus D Plus Cl —> Ro and 0-Register 
Ro Plus D Pius Cl —> Ry, and 0-Register 
Ro Plus D Plus C! — Ro and 0-Register 
R, Plus D Plus Cl —> Ry and 0-Register 
D Plus Cl — Ro and 0-Register 

D Plus Cl —> Ro and 0-Register 

Ro Plus D Plus Cl —> Re and 0-Register 


D Plus Cl — Ry and 0-Register 





LOP 





407 


Block Diagram 


Ds By Dy dy 


a1 


By 8B, 8, By As Ag 









_ INSTRUCTION 
DECODER ENCODER 


ag 






Ds 02 Oy 0 





BIT REG. 
(Rs) 


ee fran 
Ly7 Lx7 rae! , A Peer 


cp * 


05 0 0, O i) Xs Xg x; Xo 


TL/F/9537-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Timing Diagrams 


FIGURE 407-a 


CLOCK 
(NOTE 1) 


09-03 


EO, = LOW, Ig = HIGH 


FIGURE 407-d 


1.5V 


FIGURE 407-b 


TL/F/9537-7 


t t 


OY WOOK 
th 


XXX __ SY AXXO 
th 
AX) 15V RKXXKKKK 


ty(L) 
1.5V 


TL/F/9537-9 
FIGURE 407-c 


EO, = LOW, Io = HIGH 


TL/F/9537-5 
FIGURE 407-e 
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TL/F/9537-8 


TL/F/9537-6 





L0P 


407 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—58°C to + 125°C 
o°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to + 5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter aes 
Min Typ Max 


Vin Input HIGH Voltage 


Vcc Conditions 


Recognized as a HIGH Signal 


v 


Vit 
Vcp 
VOH 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 
Voltage 


Output LOW 
Voltage 


Input HIGH 5 
Current 7 
Input HIGH Current = =5 
Breakdown Test 7 

5 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
7T4F 10% Voc 
74F 5% Voc 
74F 5% Voc 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input Leakage 
: 


4F 
4F 
4F 
4F 
Output HIGH 4F 
Leakage Current 74F 
4F 
4F 





Recognized as a LOW Signal 
lin = —18mMmA 


lon = —0.4 mA (CO) 

loH = —2mA (Xp-X3, Op-Os) 
lon = —0.4 mA (CO) 

lon = —5.7 mA (Xp-Xg, Op-O3) 
lon = —0.4mA (CO) 

lon = —5.7 MA (Xp—X3, Op-O3) 
lol = 4mA (CO) 

lo. = 8 MA (Xo~Xg, Op—Os) 

lo. = 8 mA (CO) 

lo = 16 mA (Xg-X3, Og-O3) 
Vin = 2.7V 


—1.5 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Output Leakage 7 
Circuit Current 

Input LOW Current 
Output Leakage Current 


Output Leakage Current 


5 
Output Short-Circuit Current —30 —100 


Power Supply Current 90 145 
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mA Max | Vin = 0.5V 
Vout = 2.7V (X9—-Xg3, Op-O3) 
Max | Vout = 0.5V (X9-X3, O9-O3) 


Vout = 0V 


: 
> 


Be 
> 





AC Electrical Characteristics 


ee 


Ta, Voc = Mil 


Parameter Cy = 50 pF 


Min Typ Max | Min Max_| Min Max 


tPLH Propagation Delay 8.0 12.0 21.0 7.0 24.0 7.0 25.0 
tPHL CP to Op (Note 1) 5.0 7.5 13.0 4.0 15.0 4.0 15.0 


teLH Propagation Delay, lp LOW 9.0 13.0 18.0 7.5 21.0 8.0 20.0 
tpHL I4-Ig to Xg—-X3 9.5 14.0 20.5 8.0 25.0 8.5 22.0 


tpLH Propagation Delay, lg HIGH 16.5 23.5 33.0 8.5 50.0 14.5 36.0 
tpHL 14-3 to Xg—X3 11.0 17.0 25.0 6.5 35.0 10.0 27.0 . 


teLH Propagation Delay, lp LOW 9.0 13.5 21.0 7.0 24.0 8.0 22.5 
tpHL CP to Xp, 11.5 18.0 24.0 8.5 28.0 10.5 26.0 


tpLH Propagation Delay, lo HIGH 18.0 26.5 35.0 16.0 43.0 16.0 37.0 
teHL CP to Xp, 12.5 20.0 28.5 11.5 36.5 11.5 31.0 


teLH Propagation Delay 10.5 15.0 23.0 6.5 29.0 9.5 25.0 
teHL Dp to Xq 6.0 9.0 14.0 3.0 20.5 5.0 15.5 


teLH Propagation Delay 7.0 10.5 16.0 4.0 22.0 6.0 17.5 
tpHL Cl to Xp 5.5 9.0 12.0 4.5 14.0 4.5 13.5 


teLH Propagation Delay 4.5 9.0 11.5 4.0 14.5 4.0 13.0 
tpHL lp to Xq 4.5 10.0 14.0 3.0 19.5 4.0 15.5 


tPLH Propagation Delay 11.0 19.0 24.0 9.0 33.0 11.0 26.0 
tpHL CP to CO 11.5 18.5 27.0 6.5 38.0 11.5 29.0 


teLH Propagation Delay 3.5 5.5 8.5 3.0 11.0 3.0 9.5 





tPHL Cito CO 4.5 7.0 12.0 3.0 10.0 4.0 13.0 


teLH Propagation Delay 3.5 5.5 9.0 3.0 10.0 3.0 9.5 
teHL Dn to CO 4.0 6.5 11.0 3.5 10.0 3.5 12.0 


teLy Propagation Delay 10.0 15.0 22.0 8.0 23.0 9.0 23.5 
tpHL ly-I3 to CO 11.0 16.0 23.0 6.0 32.5 10.0 25.0 


tpzH Enable Time 7.0 10.0 14.5 4.5 26.0 5.5 17.0 
tpzi EO to Op, or EO, to Xp 6.0 9.0 15.0 3.5 16.0 5.5 16.5 


tpHz Disable Time 1.5 4.0 7.0 2.0 9.0 1.5 8.0 
tpLz EOp to Op or EO, to Xp 5.0 10.0 14.0 5.0 18.0 4.0 15.5 
Note 1: The internal clock is generated from CP and EX. The internal Clock is HIGH if EX or CP is HIGH, LOW if EX and CP are LOW. 
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AC Electrical Characteristics 


Tas Vcc = Mil Ta; Vec = Com 
C. = 50 pF 


TecckPoea dt wa aso eo 


Setup Time, HIGH or LOW 4.0 4.5 4.5 
1,-lg to Negative-Going CP 4.0 4.5 4.5 
Hold Time, HIGH or LOW 

14-3 to Positive-Going CP 


Parameter 


Hold Time, HIGH or LOW 

Dn or Ci to 

Negative-Going Clock 

Setup Time, HIGH or LOW 13.0 14.5 14.5 
CI to Positive-Going CP 13.0 14.5 14.5 
Hold Time, HIGH or LOW 

Ci to Positive-Going CP 


Setup Time, HIGH or LOW 16.5 18.5 18.5 
Dy, or Cy to Negative-GoingCP | 16.5 18.5 18.5 
Clock Pulse Width 7.5 8.5 8.5 
HIGH or LOW 7.5 8.5 8.5 
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54F/74F410 Register Stack—16 x 4 RAM 


TRI-STATE® Output Register 


General Description 

The 'F410 is a register-oriented high-speed 64-bit Read/ 
Write Memory organized as 16-words by 4-bits. An edge- 
triggered 4-bit output register allows new input data to be 
written while previous data is held. TRI-STATE outputs are 
provided for maximum versatility. The ’F410 is fully compati- 
ble with all TTL families. 


Ordering Code: see Section 5 


Logic Symbols 


Pin Assignment 
for DIP and Flatpak 





1 

2 
3 
4 
5 
6 
7 
8 
3 


TL/F/9538-3 





Features 

m Edge-triggered output register 

m Typical access time of 35 ns 

@ TRI-STATE outputs 

m Optimized for register stack operation 
m 18-pin package 

mw 9410 replacement 


Connection Diagrams 


Pin Assignment 
for LCC 


CP As NC Ap Ay 
BOO 
EES EB 





aTeTeTeTS 
Dy Q, NC Dy Q 


TL/F/9538-2 
TL/F/9538~1 


Unit Loading/Fan Out: see a a L. Definitions 


Address Inputs 

Data Inputs 

Chip Select Input (Active LOW) 
Output Enable Input (Active LOW) 
Write Enable Input (Active LOW) 
Clock Input (Outputs Change on 
LOW-to-HIGH Transition) 
TRI-STATE Outputs 





a oc ee 
Description ULL. Input Iiy/ie 
HIGH/LOW Output Ion/loL 


1.0/1.0 
1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 


1.0/2.0 
150/40 (33.3) 





20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
















20 pA/—1.2 mA 
—3 mA/24 mA (20 mA) 
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Functional Description 

Write Operation—When the three control inputs, Write En- 
able (WE), Chip Select (CS), and Clock (CP), are LOW the 
information on the data inputs (Dg—D3) is written into the 
memory location selected by the address inputs (Ag—As). If 
the input data changes while WE, CS, and CP are LOW, the 
contents of the selected memory location follow these 
changes, provided setup and hold time criteria are met. 


Block Diagram 


ADDRESS 
DECODE 


DATA 
INPUTS 


REGISTER 


vy, 
1M 
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Read Operation—Whenever CS is LOW and CP goes from 
LOW-to-HIGH, the contents of the memory location select- 
ed by the address inputs (Ap-Ag3) are edge-triggered into 
the Output Register. 

The (OE) input controls the output buffers. When OE is 
HIGH the four outputs (Q9o—Q3) are in a high impedance or 
OFF state; when OE is LOW, the outputs are determined by 
the state of the Output Register. 


TL/F/9538-4 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


n 
ViH 
Vib 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Vcc 

Voltage 54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


54F 
74F 


54F 
74F 


54F 
74F 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 


74F 
Test 


Output Leakage 
Circuit Current 
lin Input LOW Current 
lozH Output Leakage Current 
loZL Output Leakage Current 
los Output Short-Circuit Current 


Iz7z Bus Drainage Test 


54F/74F 


Typ 


_InputHiGHVotage | 20 
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Recommended Operating 


Conditions 


Free Air Ambient Temperature 


Military 
Commercial 
Supply Voltage 
Military 
Commercial 


Vo 


= 
oO 


ax 


| 
= 
ine) 


= 


=e [EF 
> | > 


= 
> 


—§5°C to + 125°C 
o°c to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1 mA 
= —3mA 
=-—-1mA 
—3mA 
—-imA 


= 20mA 
24mA 


= 2.7V 


7.0V 


Vout = Voc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


VIN >= 0.5V (An; Dn, OE, WE) 
Vin = 0.5V (CS, CP) 


Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = 5.25V 
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DC Electrical Characteristics (continued) 


Parameter eee Vcc 
Min Typ Max 
a ee 


Conditions 


Power Supply Current 
Power Supply Current 47 70 Vo = HIGH Z 


AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C, = 50 pF 


Propagation Delay 3.0 2.5 
CP toQ 3.5 3.0 


Ta; Vec = Mil 
C. = 50 pF 


Enable Time 2.5 


OE toQ 3.0 


3.5 La ea 
Disable Time 2.5 2.0 
OE toQ 25 2.0 


a 7a ee 


74F 
Ta = +25°C a A 
Parameter Veo = +5.0V Ta; Voc = Mil Ta: Voc com 





Setup Time, HIGH or LOW 
Ay to CP 


Hold Time, HIGH or LOW 
An to CP 


Setup Time, HIGH or LOW 
A, to WE 


Hold Time, HIGH or LOW 
A, to WE 


Setup Time, HIGH or LOW 
D, to WE 


Hold Time, HIGH or LOW 
Dy to WE 


WE Pulse Width 

Required to Write 

CS Pulse Width 75 
Required to Write i 
CP Pulse Width 75 
Required to Write ; 
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Multi-Mode Buffered Latch with TRI-STATE® Outputs 


General Description 


The ’F412 is an 8-bit latch with TRI-STATE output buffers. 
Also included is a status flip-flop for providing device-busy 
or request-interrupt commands. Separate Mode and Select 
inputs allow data to be stored with the outputs enabled or 
disabled. The device can also operate in a fully transparent 
mode. The ’F412 is the functional equivalent of the Intel 
8212. 


Ordering Code: see Section 5 
Logic Symbols 


tEEE/IEC 


>1 


1C5/EN6 
1EN6 


TL/F/9540-4 


Do Dy Dy Ds Dy D5 Dg D7 


0) 0; 0; 03 0% 05 0% 07 


TL/F/9540-1 


Features 

m@ TRI-STATE outputs 

m Status flip-flop for interrupt commands 

m Asynchronous or latched receiver modes 
gm 300 mil 24-pin slim package 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


1 
2 
3 
4 
5 
6 
7 
8 
9 


era) 


TL/F/9540-2 


Pin Assignment 
for LCC 


Dz Oy Dy NC 04 Dy 0 
(14) (fo) (2) (8) (2) fe) (5) 


0; 
STB 
GND 

NC 

So 


D4 05 Ds NC Og Dg 07 
TL/F/9540-3 
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Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 
Description ULL. Input h/t 
HIGH/LOW Output Iox#/lot 


Latch Outputs 150/40 (33.3) —3 mA/24 mA (20 mA) 


Data Inputs 1.0/1.0 
Clear 1.0/1.0 
Strobe 1.0/1.0 
Interrupt 50/33.3 
Mode Control Input 1.0/1.0 
Select Inputs 1.0/1.0 


Functional Description 


This high-performance eight-bit parallel expandable buffer 
register incorporates package and mode selection inputs 
and an edge-triggered status flip-flop designed specifically 
for implementing bus-organized input/output ports. The 
TRI-STATE data outputs can be connected to a common 
data bus and controlled from the appropriate select inputs 
to receive or transmit data. An integral status flip-flop pro- 
vides busy or request interrupt commands. 


The eight data latches are fully transparent when the inter- 
nal gate enable, G, input is HIGH and the outputs are en- 
abled. Latch transparency is selected by the mode control 
(M), select (Sj and So), and the strobe (STB) inputs and 
during transparency each data output (O,) follows its re- 
spective data input (D,). This mode of operation can be 
terminated by clearing, de-selecting, or holding the data 
latches. 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 


An input mode or an output mode is selectable from the M 
input. In the input mode, M = L, the eight data latch inputs 
are enabled when the strobe is HIGH regardless of device 
selection. If selected during an input mode, the outputs will 
follow the data inputs. When the strobe input is taken LOW, 
the latches will store the most-recently setup data. 


In the output mode, M = H, the output buffers are enabled 
regardless of any other control input. During the output 
mode the content of the register is under control of the se- 
lect (Sy and Sp) inputs. 


Data Latches Function Table 


R 1 


Q 
Cie 


STB | Datain | DataOut__ 


«x XK 


Clear L 
L 
De-Select Zz 
Zz 


<x <tr 
croirzis 
-rxrlxrx|e-x|# 


fa 


x xX 


«x xX 


Hold Qo 
Qo 

Reacad 
oo Ee oe ee 


Status Flip-Flop Function Table 


le 
Pf 
crcieec 


xr 
- 





ru lyK Kir KK KIT XK 


fe 


GryjTTjTrixXxrict x 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

Z = High Impedance 

~~ = LOW-to-HIGH Clock Transition 
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Logic Diagram 


o>C 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


TL/F/9540-5 
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Absolute Maximum Rating$ (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter BARATAE Vcc 
Min Typ Max 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4,.5V to +5.5V 
+4,5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 


Vit Input LOW Voltage ae: oe ee Recognized as a LOW Signal 
Veo __|_ Input Clamp Diode Voltage P| | Min | ty = = 18m 


—1.2 
2.5 


VoH Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Output HIGH 54F 
Leakage Current 74F 





lon = —1 mA (INT) 
lon = —3mA (Op) 
lon = —1 mA (INT) 
lon = —3 mA (Op) 
lon = —1mA (INT) 
lon = —3 mA (On) 


lo. = 20mA 
lo. = 20 mA 
lo. = 24mA 


VIN = 2.7V 


Vin = 7.0V 


pA Vout = Vcc 


Input Leakage lip = 1.9 pA 
Output Leakage Viop = 150 mV 
Circuit Current ae Fa | nw | 00 All Other Pins Grounded 


Output Leakage Current 
Output Leakage Current 
Output Short-Circuit Current 
Bus Drainage Test 

Power Supply Current 
Power Supply Current 
Power Supply Current 


VouT = 2.7V 
Vout = 0.5V 
Vout = OV 
Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


0 [ya | 





AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Propaga 
Dy, to On 


Parameter 


tion Delay 


Propagation Delay 
$1, So or STB to O7 


Propaga 
S; or So 


tion Delay 
to INT 


Propagation Delay 
CLR to On 


Propagation Delay 
STB to INT 


Access Time, HIGH or LOW 


8; to On 


Disable Time, HIGH or LOW 


8. 
6. 


4. 
6. 


Access Time, HIGH or LOW 7. 
So to On 5. 
Disable Time, HIGH or LOW 4.5 
So to On 


0 
5 


5 


5 
5 
0 


5.5 
Access Time, HIGH or LOW 5.0 
M to Opn 5.0 
Disable Time, HIGH or LOW 4.0 
M to Opn 5.0 


AC Operating Requirements: see Section 2 for Waveforms 


Parameter 


Vec = + 5.0V 
C, = 50 pF 


6.5 
5.0 


14.5 
12.5 


7.5 


11.0 


12.5 
11.0 


8.0 
11.0 


12.5 
9.0 


8.5 
8.5 


7.0 
8.5 


74F 


8.5 
6.5 


18.5 
16.0 


9.5 
10.5 


16.0 


14.0 


18.0 
14.0 


10.5 
14.0 


16.0 


Ta; Vcc = Mil 
C, = 50 pF 


3.0 11.5 
2.0 8.5 


6.5 23.0 
6.0 19.0 


3.5 12.0 
3.5 12.5 


5.5 18.5 


5.5 17.5 


6.5 20.0 
5.5 18.0 


4.0 14.5 
5.5 17.0 


6.5 18.5 


11.5 4.0 15.5 


12.0 


11.0 
11.0 


9.0 
11.0 


12.5 
14.5 


16.0 
4.0 15.0 


3.5 11.5 
4.5 14.0 


54F 


3.0 
2.0 


7.5 
6.5 


4.0 
4.0 


6.5 


5.5 


7.0 
5.5 


4.0 
5.5 


6.5 


4.5 
4.5 


3.5 
4.5 


Ta = +25°C 


Ta, Vcc = Mil 


CLP 


Vec = +5.0V 


Setup Time, HIGH or LOW 
Dn to S$}, So or STB 
Hold Time 


D, to $1, S2 or STB 


Si, So or STB 
Pulse Width, HIGH or LOW 


GA Pulse wath, Low | a0 | 18 





4-361 


413 


ZA National 


Semiconductor 


54F/74F413 | 
64 x 4 First-In First-Out Buffer Memory with Parallel 1/O 


General Description 


The ’F413 is an expandable fall-through type high-speed 
First-In First-Out (FIFO) buffer memory organized as 64 
words by four bits. The 4-bit input and output registers rec- 
ord and transmit, respectively, asynchronous data in parallel 
form. Control pins on the input and output allow for hand- 
shaking and expansion. The 4-bit wide, 62-bit deep fall- 
through stack has self-contained control logic. 


Ordering Code: see Section 5 
Logic Symbol 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9541-1 


on OM fF WwW HY 


Features 

m@ Separate input and output clocks 
@ Parallel input and output 

m@ Expandable without external logic 
m 15 MHz data rate 

m Supply current 160 mA max 

g@ Available in SOIC, (300 mil only) 


Connection Diagrams 


Pin Assignment 
for LCC 


D, D; NC Dp SI 
An E 
Baees 





LAFF) 
O, 0, NC Op OR 


TL/F/9541-2 
TL/F/9541-3 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


Description ULL. 
HIGH/LOW 
1.0/0.667 
50/13.3 
1.0/0.667 
1.0/0.667 
1.0/0.667 
1.0/0.667 
1.0/0.667 


Data Inputs 
Data Outputs 
Input Ready 
Shift In 

Shift Out 
Output Ready 
Master Reset 


Input Iyy/ti 
Output Ion/lot 


20 pA/—0.4 mA 
—1mA/8 mA 
20 pA/—0.4 mA 
20 pA/—-0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
20 pA/—0.4 mA 
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Functional Description 


Data Input—Data is entered into the FIFO on Do-D3 in- 
puts. To enter data the Input Ready (IR) should be HIGH, 
indicating that the first location is ready to accept data. Data 
then present at the four data inputs is entered into the first 
location when the Shift In (SI) is brought HIGH. An SI HIGH 
signal causes the IR to go LOW. Data remains at the first 
location until St is brought LOW. When SI is brought LOW 
and the FIFO is not full, IR will go HIGH, indicating that more 
room is available. Simultaneously, data will propagate to the 
second location and continue shifting until it reaches the 
output stage or a full location. If the memory is full, IR will 
remain LOW. 


Data Transfer—Once data is entered into the second cell, 
the transfer of any full cell to the adjacent (downstream) 
empty cell is automatic, activated by an on-chip control. 
Thus data will stack up at the end of the device while empty 
locations will “bubble” to the front. The tp; parameter de- 
fines the time required for the first data to travel from input 
to the output of a previously empty device. 


Block Diagram 


INPUT 62x 4 


REGISTER STACK 


FALL THROUGH 


Data Output—Data is read from the Og-O3 outputs. When 
data is shifted to the output stage, Output Ready (OR) goes 
HIGH, indicating the presence of valid data. When the OR is 
HIGH, data may be shifted out by bringing the Shift Out (SO) 
HIGH. A HIGH signal at SO causes the OR to go LOW. Valid 
data is maintained while the SO is HIGH. When SO is 
brought LOW, the upstream data, provided that stage has 
valid data, is shifted to the output stage. When new valid 
data is shifted to the output stage, OR goes HIGH. If the 
FIFO is emptied, OR stays LOW, and O9-Og3 remains as 
before, i.e., data does not change if FIFO is empty. 

Input Ready and Output Ready may also be used as 
status signals indicating that the FIFO is completely full (In- 
put Ready stays LOW for at least tpy) or completely empty 
(Output Ready stays LOW for at least tp7). 


OUTPUT 
REGISTER 


OUTPUT 


INPUT STACK 
CONTROL CONTROL CONTROL 
O O O 
MR 


TL/F/9541-4 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias -—55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
_in HIGH State (with Voc = 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


OV) 
—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


ViH 
VIL 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Vcc 


54F 10% Voc 
74F 10% Voc 


ae 


Output LOW 
Voltage 


Input HIGH 
Current 


54F/74F sa one | ¥ 
Input HIGH Voltage i ae Te] 
input LOW Voltage aa ee ae 
input Clamp Diode Voltage oe ee 





Input HIGH Current a 100 

Breakdown Test 7.0 

Output HIGH 

Leakage Current 

Test 

Output Leakage 

Input LOW Current 


Output Short-Circuit Current —20 —130 | mA | Max | 
Power Supply Current 415 160 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—58°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


log = —1mA 
lon = —1mA 
lon = —1mA 
lol = 8mA 
lol = 8mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
VouT = OV 
Vo = HIGH 





AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 2 - 
Parameter Vec = +5.0V i nee ey ee 50 a 
CL = 50pF nes aaah 
Min Typ Max | Min = Max | Min Max | 


snitinfate | to | | te 
shitoutrate | to | Tt 


Propagation Delay 1.5 44.0 1.5 50.0 1.5 48.0 
Shift In to IR 1.5 31.0 1.5 37.0 1.5 35.0 
Propagation Delay 1.5 52.0 1.5 57.0 1.5 55.0 
Shift Out to OR 1.5 31.0 1.5 37.0 1.5 35.0 
Propagation Delay 1.5 46.0 1.5 52.0 1.5 50.0 
Output Data Delay 1.5 34.0 1.5 39.0 1.5 37.0 
Propagation Delay 
Master Reset to IR Lie re i 3 


3.0 1.5 31.0 } ns | 
Propagation Delay 
Master Reset to OR i 30.0 1.5 34.0 1.5 32.0 


AC Operating Requirements: see Section 2 for Waveforms 


2 


Ta = +25°C 


Parameter Vee = +5.0V 


Ta; Vec = Mil Ta, Vcc = Com 
Setup Time, HIGH or LOW 1.0 1.0 1.0 


Dr to SI 1.0 1.0 
Hold Time, HIGH or LOW 10.0 10.0 10.0 
D, to SI ; 10.0 10.0 
Shift In Pulse Width 5.0 5 
10.0 10.0 
5 7 


a 
[o) 


0 
HIGH or LOW 
8 5 
10.0 10.0 
5 


5.0 
10.0 


HIGH or LOW 
Output Ready Pulse Width, 
‘ ps0 | eos 


Shift Out Pulse Width 
Input Ready Pulse Width, 
HIGH ie Pa oe 
0 
Master Reset Pulse Width, 
FF saieasinetaall ce ee od 
RecoveryTime,MAtos! | 320 Ss | 350] 850s 





Data ThroughputTime | op | to | ts 
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54F/74F420 


Parallel Check Bit/Syndrome Bit Generator 


General Description 

The ’F420 is a parallel check bit/syndrome bit generator. 
The ’F420 utilizes a modified hamming code to generate 7 
check bits from a 32-bit dataword, in 15 ns, when operated 
in the check bit generate mode. When operated in the syn- 
drome generate mode, the check bits and data bits 


Ordering Code: see Section 5 
Logic Diagram 


read from memory are utilized in a parity summer to gener- 
ate syndrome bits upon error detection. The maximum error 
count detectable is 2. A single error detect can occur in 
18 ns; a double error detect in 22 ns. The syndrome bit 
generation can be output in 15 ns (maximum). 


Connection Diagrams 


Pin Assignment Pin Assignment 
for LCC and PCC for DIP and Flatpak 


Dg Dy Dg Ds DyGNDNC Voc Ds Dz D; Oy Cg 


Do BHO RERoOoow 
ganas Senne 


Cy 0) Cp Cy Og Cy Cg 


TL/F/9542-1 


1 
2 
3 
4 
5 
6 
7 
8 


8888 
BE ROR RO Be we we 
Dz4 Oyo Dps Dog Ops GND NC Drg Dzy Dag Dag Dg Ds 


TL/F/9542-2 


TL/F/9542-3 


Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 


Description U.L. Input liy/tie 
HIGH/LOW Output Ion/lot 


Check Bit/Syndrome Bus Inputs/ 3.5/1.083 70 pA/—0.65 mA 
Outputs | 150/40 (33.3) | —3 mA/24 mA (20 mA) 


Data Bit Bus 1.0/1.0 
Check Bit Control 1.0/1.0 
Double Error Flag 50/33.3 
Single Error Flag 50/33.3 
Mode Control 1.0/1.0 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
—1mA/20 mA 
20 pA/—0.6 mA 
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Write Generate Check Bits 
Read Read & Flag 
Read Latch Check Bits 
Read Output Syndrome Bits 
Diagnostics Input Diagnostic 

Data Word 
Diagnostics Input Diagnostic 

Data Word 
Diagnostics Input Diagnostic 

Data Word 


Block Diagram 


Do~ Dy 


Function Table 


; CB Control Error Flags 


Output Check H 
Input Enabled 
Inputs Enabled 
Output Syndrome Bits Enabled 
Latched Check Enabled 
Outputs High-Z 

Output Latched Enabled 
Check Bits 

Output Syndrome Enabled 
Bits 


OUTPUT 
BUFFER 


OE 


TL/F/9542-4 
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Absolute Maximum Rating§ (note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Voc = OV) 

Standard Output 

TRI-STATE® Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life irnpaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Min Typ Max 
2.5 


Vin 
Vit 
Vcp 
VoH 


Input HIGH Voltage 


Input LOW Voltage 
Input Clamp Diode Voltage 


Ouiput HIGH 54F 10% Voc 
Voltage 54F 10% Voc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Vcc 
74F 10% Voc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Output HIGH 54F 
Leakage Current 74F 


74F 
Output Leakage 74F 


Circuit Current 


Input HIGH Current 
Breakdown Test (I/O) 


in 
ha + loz 
In + loz 
=60 


IBvit 


lzz 

ICCH 
IoCL 
Iocz 


Power Supply Current 





0.5 
0.5 
20.0 
5.0 
100 
HA 
250 
Input Leakage 


Power Supply Current 
Power Supply Current 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to + 5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lIN = —18 mA, Dp, CB, So, $4 
—1 mA (All Outputs) 
lon = —3 mA (Co-Ce) 

lon = —1 mA (All Outputs) 
loH = —3 MA (Co-Ceg) 

lon = —1 mA (All Outputs) 
lon = —3 mA (Co-Cg) 

lo. = 20 mA (All Outputs) 
lo. = 20 mA (DEF, SEF) 

lo, = 24 mA (Co-Ce) 

Vin = 2.7V 


Cc 
0.5 


pA 


lou 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 1.50 mV 
All Other Pins Grounded 


Vin = 5.5V (Co—Cg) 


Vin = 0.5V (Dp, CB, So, $1) 
Vout = 2.7V (Co-Cé) 
Vout = 9.5V (Co-Cé) 
Vout = 0V 

Vout = 5.25V 

Vo = HIGH 

Vo = LOW 

Vo = HIGHZ 


130 mA 
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AC Electrical Characteristics 


Ta = +25°C 
Parameter Vec = +5.0V 
C, = 50 pF 


Ta; Vec = Mil 
C,_ = 50 pF 


Min Typ Max | Min Max | Min Max _ 


Propagation Delay 5.0 
Dp to Cy 5. 


0 
Propagation Delay 5.0 20.0 
Dp/Cp, to SEF 4.0 16.0 
Propagation Delay 6.0 24.0 
Dn/C, to DEF 5.0 21.0 
Propagation Delay 4.0 18.0 
S1 to Cy 3.0 13.0 
0 
3.0 
0 
0 
0 
0 


nh 
jo) 
oO 


17.0 


Propagation Delay 4 14.0 
S1 to SEF/DEF 9.0 
Output Enable Time 2 12.0 
2 11.0 
5 


Output Disable Time 1. 7.6 
1. 7 


AC Operating Requirements: See Section 2 for Waveforms 


Ta = +25° : 
5.0 
5.0 


Setup Time, HIGH or LOW 5.0 


Hold Time, HIGH or LOW 


Clock Pulse Width LOW 





aalan 
oo};o 
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iming Waveforms 


GENERATE 
Co~ & VALID CHECKWORD 


TL/F/9542-5 
FIGURE 420-a. 


CHECKING LATCH CHECKBITS OUTPUT 
SYNDROME BITS 


_ aaa 


( Select to Syndrome Bit Output 


Error 
Detect 


Error 
Detect 


TL/F/9542-6 
FIGURE 420-b. 
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ZA National 


Semiconductor 


54F/74F432 


Multi-Mode Buffered Latch with TRI-STATE® Outputs 


General Description 


The ’F432 is an 8-bit latch with TRI-STATE output buffers 
and control and device selection logic. Also included is a 
status flip-flop for providing device-busy or request-interrupt 
commands. Separate Mode and Select inputs allow data to 
be stored with the outputs enabled or disabled. The device 
can also operate in a fully transparent mode. 

The ’F432 is the functional equivalent of the Intel 8212, but 
with inverting outputs. 


Ordering Code: see Section 5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


Do Dy Dz Ds Dy D5 Og Dz 


TL/F/9543-1 


IEEE/IEC 


oo nn On & WN — 


TL/F/9543-4 


Features 

m TRI-STATE inverting outputs 

m Status flip-flop for interrupt commands 

m Asynchronous or latched receiver modes 

m= Data to output propagation delay typically 8.5 ns 
m Supply current 43 mA typ 

@ 24-pin slim package 


Connection Diagrams 


Pin Assignment 
for LCC 


Dz Oy Dz NC 0; D, Og 
HOODS 
“Ean ae 


al Voc 
iNT 
GD, 





bq 
Dy Os, Ds NC Og Dg 07 
TL/F/9543-3 


TL/F/9543-2 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description U.L. Input tin/he 
HIGH/LOW Output lon/Io. 


20 pA/—0.6 mA 


1.0/1.0 
150/40 (33.3) 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
1.0/1.0 


Data Inputs 

Latch Outputs 
Select Inputs 
Mode Control Input 
Strobe 

Interrupt 

Clear 


Functional Description 

This high-performance eight-bit parallel expandable buffer 
register incorporates package and mode selection inputs 
and an edge-triggered status flip-flop designed specifically 
for implementing bus-organized input/output ports. The 
TRI-STATE data outputs can be connected to a common 
data bus and controlled from the appropriate select inputs 
to receive or transmit data. An integral status flip-flop pro- 
vides busy or request interrupt commands. 


The eight data latches are fully transparent when the inter- 
nal gate enable, G, input is HIGH and the outputs are en- 
abled. Latch transparency is selected by the mode control 
(M), select (Sy and So), and the strobe (STB) inputs and 
during transparency each data output (O,) follows its re- 
spective data input (Dy). This mode of operation can be 


—3 mA/24 mA (20 mA) 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
20 pA/—0.6 mA 


Data Latches Function Table 


5 
: 


cc 
cirxzwle. 


R 


gl 
” 
LX) 


| 


H IGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 


Status Flip-Flop Function Table 


n 
-| 
w 


cilx~x 

t a 
mHroirrtier LIrtxkKIie- LT 
txolxxlre-|xrjxr~x 
taixx|eox|x |r x 


Iz 
- 


It 
See ee eae 
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terminated by clearing, de-selecting, or holding the data 
latches. See Data Latches Function Table. 


An input mode or an output mode is selectable from this 
single input line. In the input mode, M = L, the eight data 
latch inputs are enabled when the strobe is HIGH regard- 
less of device selection. If selected during an input mode, 
the outputs will follow the data inputs. When the strobe input 
is taken LOW the latches will store the most recently setup 
data. 

In the output mode, M = H, the output buffers are enabled 
regardless of any other control input. During the output 
mode the content of the register is under control of the se- 
lect (S; and Sp) inputs. See Data Latches Function Table. 


HIGH Voltage Level 
LOW Voltage Level 
= Immaterial 
~ = LOW-to-HIGH Transition 
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Logic Diagram 
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature 


Recommended Operating 


Conditions 

Free Air Ambient Temperature 
Military 
Commercial 


—55°C to + 125°C 
o°C to + 70°C 


—65°C to + 150°C 

Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to +175°C 
Voc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Voc = OV) 

Standard Output 

TRI-STATE Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. . 


Supply Voltage 
Military 
Commercial 

—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


54F/74F 
Min Typ Max 


Parameter 


VIH Input HIGH Voltage Vv 

Vi___| Input Low Voltage ee 

Vop Input Clamp Diode Voltage ee V 
2.5 


VOH Output HIGH 54F 10% Voc 
Voltage 54F 10% Voc 

74F 10% Vcc 

74F 10% Voc 


Symbol Vc 


ie] 


74F 5% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 54F 
Current 74F ‘ 
Input HIGH Current 54F 
Breakdown Test 4F 
54F 
F 
F 
4F 





4 
7 
Output HIGH 
Leakage Current 74 
Input Leakage 74 
Test 
Output Leakage 7 
Circuit Current 
IBvit Input HIGH Current 
Breakdown Test (I/O) 
Input LOW Current 
Output Leakage Current 


Output Leakage Current 
Output Short-Circuit Current 


4.75 


‘|, 


lop 


=e VE = = = = 
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+4.5V to + 5.5V 
+4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mA 


lon = —1mA 
lon = —3mMA 
loo = —-1mA 
lon = —3mMA 
lon = —1mMA 
lon = —3 mA 
lo = 20mA 
lo. = 24mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 5.5V 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 





DC Electrical Characteristics (Continued) 


Symbol 


Symbol 


tPLH 
tPHL 


tPLH 
tPHL 


tPHL 


tPHL 


tPLH 
teHL 


tPLH 
tPHL 


tPLH 
teHL 


tpZH 
tpzL 


tpHz 
tpLz 


tpZH 
tezL 


tPpHz 
tpLz 


Parameter 


Parameter 


Propagation Delay 
Dy, to Op, 


Propagation Delay 
$1, So or STB to, 
Propagation Delay 
CLR to Op; 


Propagation Delay 
STB to INT 


Propagation Delay 
S, to INT 
Propagation Delay 
So to INT 
Propagation Delay 
M to On 

Enable Time 

Mto On 

Disable Time 

M to On 

Enable Time 

S1, Sa to On 


Disable Time 
Sy, So to On 


Min Typ 


3.5 
2.5 


8.5 
6.5 


7.0 


6.0 


4.0 
5.5 


4.0 
4.5 


9.0 
6.5 


6.0 
6.0 


4.5 
5.5 


4.5 
5.0 


4.0 
5.0 


Ta = +25°C 
Vcc = +5.0V 


8.5 
5.5 


16.0 
12.5 


15.0 


11.5 


7.5 
7.5 


7.5 
7.5 


15.0 
11.0 


8.5 
8.5 


6.5 
9.5 


13.0 
11.0 


8.0 
11.0 
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12.0 
12.0 


23.0 
18.0 


20.5 


16.0 


10.5 
13.0 


10.5 
10.5 


20.0 
15.0 


15.0 
14.5 


10.5 
13.0 


20.0 
17.0 


12.5 
17.5 


Conditions 


VouT = 5.25V 
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AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C 


Parameter 


Setup Time, HIGH or LOW 
S; to Dn 
Hold Time, HIGH or LOW 11.0 
3; to Dn 8.5 
Setup Time, HIGH or LOW 
Hold Time, HIGH or LOW 


Ta; Vec = Mil Ta, Vcc = Com 


9.0 
7.0 
Hold Time, HIGH or LOW 13.0 13.0 
STB to Dy 10.0 10.0 
STB Pulse Width 
HIGH or LOW 
CLR Pulse with, Low 
S, Pulse Width 9.0 9 
HIGH or LOW 7.0 7.0 
7 


Se Pulse Width 7.0 
HIGH or LOW 9.0 


Setup Time, HIGH or LOW 
STB to Dr 


0 
0 
9.0 
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Semiconductor 


54F/74F433 


First-In First-Out (FIFO) Buffer Memory 


General Description 


The 'F433 is an expandable fall-through type high-speed 
first-in first-out (FIFO) buffer memory that is optimized for 
high-speed disk or tape controller and communication buffer 
applications. It is organized as 64 words by 4 bits and may 
be expanded to any number of words or any number of bits 
in multiples of four. Data may be entered or extracted asyn- 
chronously in serial or parallel, allowing economical imple- 
mentation of buffer memories. 


The ’F433 has TRI-STATE® outputs that provide added ver- 
satility, and is fully compatible with all TTL families. 


Ordering Code: see Section 5 


Logic Symbol 


TL/F/9544-1 


Features 

m@ Serial or parallel input 

m@ Serial or parallel output 

m Expandable without additional logic 
gm TRI-STATE outputs 

m Fully compatible with all TTL families 
m Slim 24-pin package 

m 9423 replacement 


Connection Diagrams 


Pin Assignment for DIP, 
SOIC and Flatpak 


1 
2 
3 
4 
5 
6 
7 
8 
9 


_— = = 
eo = Oo 


TL/F/9544-2 


Pin Assignment for LCC 
IES CPSIDg NC Dz Dy Dy 
(7 ft} [9] [6] 

a 


TTs [12] 
MR [13] 
GND [14] 


[ARR A A 
CPSO OF Q3 NC Q Qy Qo 
TL/F/9544-3 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description 


1.0/0.66 
1.0/0.66 
1.0/0.66 
1.0/0.66 
1.0/0.66 
1.0/0.66 
1.0/0.66 
1.0/0.66 
1.0/0.66 
1.0/0.66 
1.0/0.66 
1.0/0.66 


Parallel Load Input 
Serial Input Clock 
Serial Input Enable 
Transfer to Stack Input 
Master Reset 

Serial Output Enable 


Transfer Out Parallel 
Transfer Out Serial 
Serial Output Clock 
Output Enable 
Parallel Data Inputs 
Serial Data Input 
Parallel Data Outputs 285/10 
Serial Data Output 285/10 
Input Register Full 20/5 ~ 
Output Register Empty 20/5 





Functional Description 

As shown in the block diagram, the ’F433 consists of three 

sections: 

1. An Input Register with parallel and serial data inputs, as 
well as control inputs and outputs for input handshaking 
and expansion. 

2. A 4-bit-wide, 62-word-deep fall-through stack with self- 
contained contro! logic. 

3. An Output Register with parallel and serial data outputs, 
as well as control inputs and outputs for output hand- 
shaking and expansion. 


These three sections operate asynchronously and are virtu- 
ally independent of one another. 


Input Register (Data Entry) 


The Input Register can receive data in either bit-serial or 
4-bit parallel form. It stores this data until it is sent to the fall- 
through stack, and also generates the necessary status and 
control signals. 

This 5-bit register (see Figure 7) is initialized by setting flip- 
flop Fg and resetting the other flip-flops. The Q-output of the 
last flip-flop (FC) is brought out as the Input Register Full 
(IRF) signal. After initialization, this output is HIGH. 


Parallel Entry—A HIGH on the Parallel Load (PL) input 
loads the Dg-Dg inputs into the Fo-Fs flip-flops and sets 
the FC flip-flop. This forces the IRF output LOW, indicating 
that the input register is full. During parallel entry, the Serial 
Input Clock (CPSI) input must be LOW. 


Serial Entry—Data on the Serial Data (Ds) input is serially 
entered into the shift register (F3, Fo, Fy, Fo, FC) on each 
HIGH-to-LOW transition of the CPSI input when the Serial 
Input Enable (IES) signal is LOW. During serial entry, the PL 
input should be LOW. 


ULL. Input fyq/li 
HIGH/LOW Output Ion/lot 


20 pA/400 pA 
20 pA/400 pA 
20 pA/400 pA 
20 pA/400 pA 
20 pA/400 pA 
20 pA/400 pA 
20 »A/400 pA 
20 »A/400 pA 
20 2A/400 pA 
20 pA/400 pA 
20 pA/400 pA 
20 pA/400 pA 
5.7 mA/16mA 
5.7 pA/16 mA 
400 pA/8 mA 
400 pA/8 mA 


After the fourth clock transition, the four data bits are locat- 
ed in flip-flops Fo-F3. The FC flip-flop is set, forcing the IRF 
output LOW and internally inhibiting CPSI pulses from af- 
fecting the register. Figure 2 illustrates the final positions in 
an ’F433 resulting from a 256-bit serial bit train (Bp is the 
first bit, Boss the last). 


Block Diagram 


INPUT 
CONTROL 


STACK 
sick ca a scx 


OUTPUT 
CONTROL 


TL/F/9544-4 
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Functional Description (Continue) 


oo RUT OAL, —<$< $$$ 
D3 De Dy Dg 


INPUT REG—> STACK —— 
(PULSE DERIVED FROM TTS) 


DATA INPUTS TO STACK 


TL/F/9544-5 


FIGURE 1. Conceptual Input Section 


Dy Dy Dy Dy Dg 


INPUT 
REGISTER 


By55 8254 8253 Bas2 





Q, Q, Q Qs 


TL/F/9544-6 
FIGURE 2. Final Positions in an ’F433 
Resulting from a 256-Bit Serial Train 


Fall-Through Stack—The outputs of flip-flops Fo-F3 feed 
the stack. A LOW level on the Transfer to Stack (TTS) input 
initiates a fall-through action; if the top location of the stack 
is empty, data is loaded into the stack and the input register 
is reinitialized. (Note that this initialization is delayed until PL 
is LOW). Thus, automatic FIFO action is achieved by con- 
necting the IRF output to the TTS input. 


An RS-type flip-flop (the initialization flip-flop) in the control 
section records the fact that data has been transferred to 
the stack. This prevents multiple entry of the same word into 
the stack even though IRF and TTS may still be LOW; the 
initialization flip-flop is not cleared until PL goes LOW. 
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Once in the stack, data falls through automatically, pausing 
only when it is necessary to wait for an empty next location. 
In the ’F433, the master reset (MR) input only initializes the 
stack control section and does not clear the data. 


Output Register 


The Output Register (see Figure 3) receives 4-bit data 
words from the bottom stack location, stores them, and out- 
puts data on a TRI-STATE, 4-bit parallel data bus or on a 
TRI-STATE serial data bus. The output section generates 
and receives the necessary status and control signals. 


Parallel Extraction—When the FIFO is empty after a LOW 
pulse is applied to the MR input, the Output Register Empty 
(ORE) output is LOW. After data has been entered into the 
FIFO and has fallen through to the bottom stack location, it 
is transferred into the output register, if the Transfer Out 
Parallel (TOP) input is HIGH. As a result of the data transfer, 
ORE goes HIGH, indicating valid data on the data outputs 
(provided that the TRI-STATE buffer is enabled). The TOP 
input can then be used to clock out the next word. 


When TOP goes LOW, ORE also goes LOW, indicating that 
the output data has been extracted; however, the data itself 
remains on the output bus until a HIGH level on TOP per- 
mits the transfer of the next word (if available) into the out- 
put register. During parallel data extraction, the serial output 
clock (CPSO) line should be LOW. The Transfer Out Serial 
(TOS) line should be grounded for single-slice operation or 
connected to the appropriate ORE line for expanded opera- 
tion (refer to the ‘Expansion’ section). 


The TOP signal is not edge-triggered. Therefore, if TOP 
goes HIGH before data is available from the stack but data 
becomes available before TOP again goes LOW, that data 
is transferred into the output register. However, internal 
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Functional Description (continued) 


control circuitry prevents the same data from being trans- 
ferred twice. If TOP goes HIGH and returns to LOW before 
data is available from the stack, ORE remains LOW, indicat- 
ing that there is no valid data at the outputs. 


Serial Extraction—When the FIFO is empty after a LOW is 
applied to the MR input, the ORE output is LOW. After data 
has been entered into the FIFO and has fallen through to 
the bottom stack location, it is transferred into the output 
register, if the TOS input is LOW and TOP is HIGH. As a 
result of the data transfer, ORE goes HIGH, indicating that 
valid data is in the register. 

The TRI-STATE Serial Data Output (Qs) is automatically en- 
abled and puts the first data bit on the output bus. Data is 
serially shifted out on the HIGH-to-LOW transition of CPSO. 
To prevent false shifting, CPSO should be LOW when the 


new word is being loaded into the output register. The fourth 
transition empties the shift register, forces ORE LOW, and 
disables the serial output, Qs. For serial operation, the ORE 
output may be tied to the TOS input, requesting a new word 
from the stack as soon as the previous one has been shift- 
ed out. , 


Expansion 


Vertical Expansion—The ’F433 may be vertically expand- 
ed, without external components, to store more words. The 
interconnections necessary to form a 190-word by 4-bit 
FIFO are shown in Figure 4. Using the same technique, any 
FIFO of (63n+ 1)-words by 4-bits can be configured, where 
n is the number of devices. Note that expansion does not 
sacrifice any of the ’F433 flexibility for serial/parallel input 
and output. 


,—_ OUTPUT FROM STACK a 


LOAD FROM STACK 








8 oY ot 





Q 


INITIALIZE 






Q 
Fy 
R 
O 





Q Q Qs 





OUTPUT DATA 
TL/F/9544-7 


FIGURE 3. Conceptual Output Section 
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Functional Description (Continued) 


PARALLEL DATA IN 
PARALLEL ->———1 
LOAD 93 Dz Dy Do 


MASTER 
RESET 


SERIAL DATA IN 


SERIAL INPUT CLOCK 


SERIAL_OUTPUT CLOCK 
QUTPUT ENABLE 


PARALLEL 
DATA 
OUT 


FIGURE 4. A Vertical Expansion Scheme 
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DATA VALID 


SERIAL 


DATA 
OUTPUT 


TL/F/9544-8 
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Functional Description (continued) 


Horizontal Expansion—The ’F433 can be horizontally ex- 
panded, without external logic, to store long words (in multi- 
ples of 4-bits). The interconnections necessary to form a 64- 
word by 12-bit FIFO are shown in Figure 5. Using the same 
technique, any FIFO of 64-words by 4n-bits can be con- 
structed, where n is the number of devices. 


The right-most (most significant) device is connected to the 
TTS inputs of all devices. Similarly, the ORE output of the 
most significant device is connected to the TOS inputs of all 
devices. As in the vertical expansion scheme, horizontal ex- 
pansion does not sacrifice any of the ’F433 flexibility for 
serial/paralle! input and output. 


It should be noted that the horizontal expansion scheme 
shown in Figure 5 exacts a penalty in speed. 


Horizontal and Vertical Expansion—The 'F433 can be ex- 
panded in both the horizontal and vertical directions without 
any external components and without sacrificing any of its 
FIFO flexibility for serial/paralle! input and output. The inter- 
connections necessary to form a 127-word by 16-bit FIFO 
are shown in Figure 6. Using the same technique, any FIFO 
of (63m + 1)-words by 4n-bits can be configured, where m is 
the number of devices in a column and n is the number of 
devices in a row. Figures 7 and 8 illustrate the timing dia- 
grams for serial data entry and extraction for the FIFO 
shown in Figure 6. Figure 9 illustrates the final positions of 
bits in an expanded ’F433 FIFO resulting from a 2032-bit 
serial bit train. 


Interlocking Circuitry—Most conventional FIFO designs 
provide status signal analogous to IRF and ORE. However, 
when these devices are operated in arrays, variations in 
unit-to-unit operating speed require external gating to en- 
sure that all devices have completed an operation. The 
‘F433 incorporates simple but effective ‘master/slave’ inter- 
locking circuitry to eliminate the need for external gating. 


In the ’F433 array of Figure 6, devices 1 and 5 are the row 
masters; the other devices are slaves to the master in their 
rows. No slave in a given row initializes its input register until 
it has received a LOW on its IES input from a row master or 
a slave of higher priority. 


Similarly, the ORE outputs of slaves do not go HIGH until 
their inputs have gone HIGH. This interlocking scheme en- 
sures that new input data may be accepted by the array 
when the IRF output of the final slave in that row goes HIGH 
and that output data for the array may be extracted when 
the ORE output of the final slave in the output row goes 
HIGH. 


The row master is established by connecting its IES input to 
ground, while a slave receives its IES input from the IRF 
output of the next-higher priority device. When an array of 
‘F433 FIFOs is initialized with a HIGH on the MR inputs of 
all devices, the IRF outputs of all devices are HIGH. Thus, 
only the row master receives a LOW on the IES input during 
initialization. 

Figure 10 is a conceptual logic diagram of the internal cir- 
cuitry that determines master/slave operation. When MR 
and IES are LOW, the master latch is set. When TTS goes 
LOW, the initialization flip-flop is set. If the master latch is 
HIGH, the input register is immediately initialized and the 
initialization flip-flop reset. If the master latch is reset, the 
input register is not initialized until IES goes LOW. In array 
operation, activating TTS initiates a ripple input register ini- 
tialization from the row master to the last slave. 

A similar operation takes place for the output register. Either 
a TOS or TOP input initiates a load-from-stack operation 
and sets the ORE request flip-flop. If the master latch is set, 
the last output register flip-flop is set and the ORE line goes 
HIGH. If the master latch is reset, the ORE output is LOW 
until a Serial Output Enable (OES) input is received. 


7 PARALLEL DATA INPUT a | 


Ds Dy D, Dy 


D7 Dg Dg Dy 


Dy 1 Dyo Dg Dg 


PLDs DzD,D,D 
Ts > 3°2%1"0 


les 


CPS! 


OES 


Qs Q) Q1 Q% 


Q7 Og s,Q, 
Lo PARALLEL DATA OUTPUT 


"F433 


OE 
M 


OREJO 
RQs Q2 0; Op Qs 
ill 

woe AO 

| 

aaa 


44 O49 Qq Og 


TL/F/9544-9 


FIGURE 5. A Horizontal Expansion Scheme 
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Functional Description (continued) 


PARALLEL DATA INPUT meme 
Ds D2D,Dy D7DgDsD, Dy 1049 Dg Dg Dy5D1 404302 
SERIAL DATA INPUT 


PARALLEL LOAD As ee 0 i ee 
input cvock 2 0 ae 0 


PL Dg 03 0,04 Dp {PLDs D524 Dg BF PL Dg Dz D2 Dy Dp a 
_ Ho 


| 0 ig les IRF Pal 





[Uf Be ieee eee itl 
OUTPUT ENABLE SERIAL 
eH 


OUTPUT CLOCK DATA 
DUMP = OUTPUT 


3 Q2 Q4 Q O44 249 A Og Qy5 244043942 
“PARALLEL DATA OUTPUT see 


TL/F/9544-10 
FIGURE 6. A 127 x 16 FIFO Array 


DEVICE 1 


DEVICE 2 


' 
’ 
4 


DEVICE 4/TTS ALL DEVICES ‘ ’ 
iRF 
me OL tt2 ts {sts} ef7{e]sfolu}els| | ss | 


ee i Ce 
STORED IN STORED IN STORED IN STORED IN 
DEVICE 1 DEVICE 2 DEVICE 3 DEVICE 4 


TL/F/9544—11 
FIGURE 7. Serial Data Entry for Array of Figure 6 
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Functional Description (Continued) 


DEVICE 5 


" DEVICE 6 


RE 


DEVICE 7 


DEVICE 8, TOS ALL DEVICES 


SERIAL DATA OUTPUT 
% | ofa fo Jo | am] of es | fafa] es fo] a | % | as 
DEVICE 5 DEVICE 6 DEVICE 7 DEVICE 8 


FIGURE 8. Serial Data Extraction for Array of Figure 6 


TL/F/9544-12 


SERIAL 


‘F433 


Bi, Big By Bg Bis By, Bix By2 


Q 
Q2 Q % : Q, Q 
TL/F/9544-13 


INITIALIZE 
(SEE FIGURE 1) 


INPUT REG—> STACK s Q 
(DERIVED FROM TTS) REQUEST ORE-REQUEST 
INTIALIZATION FLI“FLOP 
FLIP=FLOP 
R 


LOAD OUTPUT (DERIVED FROM TOP AND TOS) 
REGISTER 


TL/F/9544-14 
FIGURE 10. Conceptual Diagram, Interlocking Circuitry 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —§5°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Parameter 


!nput HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 54F 10% Voc 
74F 10% Voc 


Symbol 


Vin 
Vit 


2.0 


Vcp 
VOH 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


54F 10% Voc 
74F 10% Voc 


Input Leakage 
Test 


Output Leakage 

Circuit Current 

Input LOW Current 
lOZH Output Leakage Current 
Output Leakage Current 


Output Short-Circuit Current 


loz 
los 


loc Power Supply Current 


54F/74F 


g 





0.50 
0.50 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
o°C to + 70°C 


+ 4.5V to +5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
lon = 400 pA (ORE, IRF) 
lou = 5.7mA (Qh, Qs) 
lon = 400 »A (ORE, IRF) 
lon = 5.7 mA (Qp, Qs) 

= 400 pA (ORE, IRF) 

= 5.7mA (Qn; Qs) 

= 8 mA (ORE, IRF) 

16 mA (Qn, Qs) 


= 2.7V 


3 


= 
5 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V (Qn, Qs) 
Vout = 0.5V (Qn, Qs) 
Vout = OV 


= 
KR |& [& 


g 
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AC Electrical Characteristics 


fe ee ee 


tPHL 


tPLH 


tPLH 
tPHL 


tPLH 
tPHL 


tPHL 


tPHL 


tPLH 


tPLH 


tPHL 


tPLH 


tPLH 


tPLH 


tPHL 


teLH 


tpZH 


tpZL 


tpHz 
tpLz 


tpZH 
tezL 


tpHz 
tpLz 


tPZH 
tezL 


toFT 
tap 


tas 


Parameter 


Propagation Delay, Negative-Going 
CPS! to IRF Output 

Propagation Delay, 
Negative-Going TTS to IRF 
Propagation Delay, Negative- 
Going CPSO to Qs Output 


Propagation Delay, Positive- 
Going TOP to Qo-Qs Outputs 


Propagation Delay, 
Negative-Going CPSO to ORE 


Propagation Delay, 
Negative-Going TOP to ORE 


Propagation Delay, Positive-Going 
TOP to ORE 

Propagation Delay, Negative-Going 
TOS to Positive-Going ORE 


Propagation Delay, Positive- 
Going PL to Negative-Going IRF 


Propagation Delay, Negative- 
Going PL to Positive-Going IRF 


Propagation Delay, 
Positive-Going OES to ORE 


Propagation Delay Positive-IRF 
Going IES to Positive-Going 


Propagation Delay 
MR to ORE 


Propagation Delay 
MR to IRF 


Enable Time 
OE to Qo-Q3 


Disable Time 
OE to Qo-Q3 


Enable Time 
Negative-Going OES to Qs 


Disable Time 
Negative-Going OES to Qs 


Enable Time 
TOS to Qs 


Fall-Through Time 


Parallel Appearance Time 
ORE to Qo-Q3 


Serial Appearance Time 
ORE to Qs 


Ta = +25°C 
Veco = +5.0V 


Ta, Vcc = Mil 


CL = 50 pF 





C_ = 50 pF 


2.0 


5.0 
8.0 


13.0 


13.0 


17.0 
9.0 34.0 
4.0 


oo] ma 

8.0 38.0 
3.0 27.0 
5.0 21.0 


38.0 
32.0 


6.0 


28.0 


28.0 


Sd 
ros) 
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433-a,b 


433-c,d 


433-e 


433-c,d 





AC Operating Requirements 


Ta = +25°C 


Symbol Parameter Vee = +5.0V 


Tas Voc = Mil Ta; Vcc = Com 


ts(H) Setup Time, HIGH or LOW 
ts(L) Ds to Negative CPSI 


th(H) Hold Time, HIGH or LOW 
th(L) Dg to CPSI 


tg(L) Setup Time, LOW TTS to 
TRF, Serial or Parallel Mode 


ts(L) Setup Time, LOW Negative-Going 
ORE to Negative-Going TOS 


t,(L) Setup Time, LOW Negative- 
Going IES to CPSI 


t,(L) Setup Time, LOW Negative- 
Going TTS to CPSI 


ts(H) Setup Time, HIGH or LOW 
ts(L) Parallel Inputs to PL 


th(H) Hold Time, HIGH or LOW 
th(L) Parallel Inputs to PL 


ty(H) | CPST Pulse Width 
ty(L) HIGH or LOW 


tw(H) PL Pulse Width, HIGH 


ty(L) TTS Pulse Width, LOW 
Serial or Parallel Mode 


tw(L) MR Pulse Width, LOW 


tw(H) TOP Pulse Width 
ty(L) HIGH or LOW 


ty(H) | CPSO Pulse Width 
ty(L) HIGH or LOW 


trec Recovery Time 
MR to Any Input 


433-a,b,g,h 


433-c,d 


pw |N Nn 
oo ]oo 


433-a,b 


433-g,h 


N 
fo) 


Nl sae es nia PPIOCL 
° ° oflo oojo°o 


433-a,b,c,d 
433-f 


433-e 


~™ id PPE|OS MNINN 
ro) ro) oojoo cooloo 


433-c,d 


~ 
roo) 
° 


433-f 
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Timing Waveforms 


tw(L) ) tw(H) 


tyw(L) 
PLT ORK AKA y HALLO BOSSA AA 
Pe Oe ee 
s RRR PERRRRKX) XXKKOOD ESRRRRRRA 
tPHL 
IRF 


ts=0 teLH 


ty(L) 
Conditions: Stack not full, ES, PL LOW 


TL/F/9544—15 
FIGURE 433-a. Serial Input, Unexpanded or Master Operation 


‘sv Hyp 
neaatetoneaceeee ieee 


V cectetetatets SoXstable rns SY stable fs OS 
KORO tao ox oc9595% ROK N Stable coro eeeste 


PHL beater if 


1.5V 


xxx A} 


t, =0 


— TL/F/9544~16 
Conditions: Stack not full, IES HIGH when initiated, PL LOW 
FIGURE 433-b. Serial Input, Expanded Slave Operation 


tw(L) tw(H) 


f __\ f__\ f___—\ Yip \ 
\_/ \L__/ \___/ ey 1/////, 
ee wo 


05020 \0c0c0507 
a 


4% 
Pee 


K) 
a 


ty(H) +1 1.5V 
se Sy * 


es ‘Xx at 9 ee. Sees 
a 
Sn’: a BRS 


ee = TL/F/9544-17 
Conditions: Data in stack, TOP HIGH, IES LOW when initiated, OES LOW 


FIGURE 433-c. Serial Output, Unexpanded or Master Operation 
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Timing Waveforms (continued) 


TOS 
= TL/F/9544-18 
Conditions: Data in stack, TOP HIGH, IES HIGH when initiated 
FIGURE 433-d. Serial Output, Slave Operation 


NEW OUTPUT 


aren ee ee TL/F/9544-19 
Conditions: IES LOW when initiated, OE, CPSO LOW; data available in stack 


FIGURE 433-e. Parallel Output, 4-Bit Word or Master in Parallel Expansion 


Qo-Q3 
TL/F/9544-20 


Conditions: TTS connected to IRF, TOS connected to ORE, IES, OES, OE, CPSO LOW, TOP HIGH 
FIGURE 433-f. Fall Through Time 
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433 


Timing Waveforms (continued) 


AA Ww 
SRR K RRR 
SRRKK RN 


S555 
SSL 


1.5V (note 3) 


TTS 
(note 2) 


poe TL/F/9544~21 
Conditions: Stack not full, ES LOW when initialized 


FIGURE 433-g. Parallel Load Mode, 4-Bit Word (Unexpanded) or Master in Parallel Expansion 


SOLOS. 
KES 
SOL 
IO 
QOOOS%K oy 


ty 
vom TL/F/9544-22 
Conditions: Stack not full, device initialized (Note 1) with IES HIGH 
FIGURE 433-h. Parallel Load, Slave Mode 
Note 1: Initialization requires a master reset to occur after power has been applied. 
Note 2: TTS normally connected to IRF. 


Note 3: If stack is full, IRF will stay LOW. 
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ZA National 


Semiconductor 


54F/74F521 
8-Bit Identity Comparator 


General Description Features 


The ’F521 is an expandable 8-bit comparator. It compares ™ Compares two 8-bit words in 6.5 ns typ 
two words of up to eight bits each and provides a LOW m Expandable to any word length 

output when the two words match bit for bit. The expansion =m 20-pin package 

input la =p also serves as an active LOW enable input. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


B7 A7 Bg Ag Bs As By Ay Bz Az By Ap By Ay By Ag 
On=8 


TL/F/9545-1 


IEEE/IEC 


oon naoarhk WA DHS 


_ 
Oo 


TL/F/9545-2 


Pin Assignment 
for LCC 


Az By An By Ay 
BOA 
a aaeaeas. 


a gu 
Bs Ag Bg Az By 


TL/F/9545-3 
TL/F/9545-4 
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Les 


521 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description ULL. Input Iia/Tye 
HIGH/LOW Output I9on/Io. 


Word A Inputs 1.0/1.0 20 pA/—0.6 mA 
Word B Inputs 1.0/1.0 20 pA/—-0.6 mA 
Expansion or Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Identity Output (Active LOW) 50/33.3 —1 mA/20 mA 


H = HIGH Voltage Level 
L = LOW Voltage Level 
*Ao = Bo, Ay = By, Ao = Ba, ete. 


Logic Diagram 


O be 
TL/F/9545-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Voc = OV) 

Standard Output 

TRI-STATE® Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


~0.5V to +7.0V 
—0.5V to +7.0V 
-—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
Vit Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


54F 
74F 


54F 
74F 


54F 
74F 


Vep 


Voltage 





Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 
Test 


| inputLowGurent = LOW Current 


Output Short-Circuit Current ae Sea 
Power Supply Current 21 32 


Output Leakage A 
Circuit co B 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
lon = —1mA 


Vout = Vcc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
VouT = OV 
Vo = HIGH 





Les 


521 


AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


EE 7 


Ta = +25°C 
Parameter Voc = +5.0V 
CL = 50 pF 


Ta; Voc = Mil Ta, Vcc = Com 
C,_ = 50 pF C, = 50 pF 


Min Typ 


Propagation Delay i . ; : 3.0 : 3.0 
An or Bn to On=8 : : 4.0 3 4.0 


Propagation Delay ; ; 3.0 c 3.0 
Ia=p toOa=pB ; : 3.5 ‘ 3.5 


Applications 





Ripple Expansion 


Ag Bg Ay By5, ArgBig Ag. Bog 


ENABLE 
LOW 
TL/F/9545-6 


Parallel Expansion 


Ap Bo = Az By Ag Bg AY Bis AigBig Ans Bos 


TL/F/9545-7 
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ZA National 


Semiconductor 


54F/74F524 
8-Bit Registered Comparator 


General Description 


The ’F524 is an 8-bit bidirectional register with parallel input 
and output plus serial input and output progressing from 
LSB to MSB. All data inputs, serial and parallel, are loaded 
by the rising edge of the input clock. The device functions 
are controlled by two control lines (Sg, S;) to execute shift, 
load, hold and read out. 


An 8-bit comparator examines the data stored in the regis- 
ters and on the data bus. Three true-HIGH, open-collector 
outputs representing ‘register equal to bus’, ‘register greater 
than bus’ and ‘register less than bus’ are provided. These 
outputs can be disabled to the OFF state by the use of 
Status Enable (SE). A mode control has also been provided 


Ordering Code: see Sections 
Logic Symbols 


to allow twos complement as well as magnitude compare. 
Linking inputs are provided for expansion to longer words. 


Features 

m 8-Bit bidirectional register with bus-oriented input-output 

m Independent serial input-output to register 

m@ Register bus comparator with ‘equal to’, ‘greater than’ 
and ‘less than’ outputs 

m Cascadable in groups of eight bits 

™ Open-collector comparator outputs for AND-wired 
expansion 

@ Twos complement or magnitude compare 


Connection Diagrams 


Pin Assignment for Pin Assignment 


c/s) Or W0g 170s 1/04/05 1/02 1/04 1/0 


So 
Sy 


cP 


SE 





TL/F/9546-1 


oon OD Te won 


IEEE/IEC 


o 


73,40 1,5,6,70>1/0 2 
1,5,6,7D<1/0 © 
1,5,6,70=1/0 2 


TL/F/9546-4 


DIP, SOIC and Flatpak for LCC 


1/051/051/0,1/031/0, 
ea EE} 


1/0, 
GND 
CP (} 
M 
LT 


4S 7 
GT EQC/SO C/St SE 


TL/F/9546-3 


TL/F/9546-2 
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bes 


524 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


ULL. Input Tyy/Ie 
HIGH/LOW Output Ion/loL 


1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 


Description 


Mode Select Inputs 
Status Priority or Serial Data Input 


1.0/1.0 


Clock Pulse Input (Active Rising Edge) 
Status Enable Input (Active LOW) 


Compare Mode Select Input 
Parallel Data Inputs or 
TRI-STATE® Parallel Data Outputs 
Status Priority or Serial Data Output 
Register Less Than Bus Output 
Register Equal Bus Output 
Register Greater Than Bus Output 


*OC = Open Collector 


Functional Description 


The ’F524 contains eight D-type flip-flops connected as a 
shift register with provision for either parallel or serial load- 
ing. Parallel data may be read from or loaded into the regis- 
ters via the data bus I/Op-I/O7. Serial data is entered from 
the C/SI input and may be shifted into the register and out 
through the C/SO output. Both parallel and serial data entry 
occur on the rising edge of the input clock (CP). The opera- 
tion of the shift register is controlled by two signals So and 
$1 according to the Select Truth Table. The TRI-STATE par- 
allel output buffers are enabled only in the Read mode. 


One port of an 8-bit comparator is attached to the data bus 
while the other port is tied to the outputs of the internal 
register. Three active-OFF, open-collector outputs indicate 
whether the contents held in the shift register are ‘greater 
than’, (GT), ‘less than’ (LT), or ‘equal to’ (EQ) the data on 
the input bus. A HIGH signal on the Status Enable (SE) input 
disables these outputs to the OFF state. A mode control 
input (M) allows selection between a straightforward magni- 
tude compare or a comparison between twos complement 
numbers. 


For ‘greater than’ or ‘less than’ detection, the C/SI input 
must be held HIGH, as indicated in the Status Truth Table. 
The internal togic is arranged such that a LOW signal on the 
C/SI input disables the ‘greater than’ and ‘less than’ out- 
puts. The C/SO output will be forced HIGH if the ‘equal to’ 
status condition exists, otherwise C/SO will be held LOW. 
These facilities enable the ’F524 to be cascaded for word 
length greater than eight bits. 


Word length expansion (in groups of eight bits) can be 
achieved by connecting the C/SO output of the more signifi- 
cant byte to the C/SI input of the next less significant byte 
and also to its own SE input (see Figure 7). The C/SI input 
of the most significant device is held HIGH while the SE 
input of the least significant device is held LOW. The corre- 
sponding status outputs are AND-wired together. In the 
case of twos complement number compare, only the Mode 
input to the most significant device should be HIGH. The 
Mode inputs to all other cascaded devices are held LOW. 


1.0/1.0 
1.0/1.0 
3.5/1.083 
150/40 (33.3) 
50/33.3 
OC*/33.3 
OC*/33.3 
OC*/33.3 
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20 pA/—0.6 mA 

20 pA/-0.6 mA 

20 pA/-0.6 mA 

70 pA/—0.65 mA 

—3 mA/24 mA (20 mA) 
—1mA/20 mA 

*/20 mA 
*/20mA 
*/20mA 


Suppose that an inequality condition is detected in the most 
significant device. Assuming that the byte stored in the reg- 
ister is greater than the byte on the data bus, the EQ and LT 
outputs will be pulled LOW and the GT output will float 
HIGH. Also the C/SO output of the most significant device 
will be forced LOW, disabling the subsequent devices but 
enabling its own status outputs. The correct status condition 
is thus indicated. The same applies if the registered byte is 
less than the data byte, only in this case the EQ and GT 
outputs go LOW and LT output floats HIGH. 

If an equality condition is detected in the most significant 
device, its C/SO output is forced HIGH. This enables the 
next less significant device and also disables its own status 
outputs. In this way, the status output priority is handed 
down to the next less significant device which now effec- 
tively becomes the most significant byte. The worst case 
propagation delay for a compare operation involving ‘n’ cas- 
caded ’F524s will be when an equality condition is detected 
in all but the least significant byte. In this case, the status 
priority has to ripple all the way down the chain before the 
correct status output is established. Typically, this will take 
35 + 6(n—2) ns. 


Select Truth Table 


| So |S: | Operation 


Hold—Retains Data in Shift Register 
Read—Read Contents in Register onto 
Data Bus, Data Remains in 
Register Unaffected by Clock 
Shift—Allows Serial Shifting on Next 
Rising Clock Edge 
Load—Load Data on Bus 
into Register 





L L 
L H 
H L 
H H 





Functional Description (continued) 


Number Representation Select Table Status Truth Table 


| om | peration = (Hold Mode) 
L Magnitude Compare 
H Twos Complement Compare 


X 


Oa-On > 1/O9-1/07 


On-Oy = 1/O9-1/07 


Oa-Ony < I/O9-1/07 
Oa-Oy > 1/O9-1/07 
Oa-On = I/09-1/07 
Oa-Oy < 1/O9-1/07 


HIGH if data are equal, otherwise LOW 
HIGH Voltage Level 

LOW Votlage Level 

Immaterial 


mal varus Glin 2 rxx=|9| 
Leer zrz2(5| 
ie) 
~ 
o2) 
Oo 


mire ree 





GREATER THAN 


H=TWO'S COMPLEMENT 
L=MAGNITUDE 
GT EQ LT M GT EQ LT 
SE SE 
c/so c/sI c/so 
So 


TL/F/9546-6 


FIGURE 1. Cascading ’F524s for Comparing Longer Words 
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Block Diagram 


Notes: 
1. TRI-STATE Output 
2. Open-Collector Output 


SERIAL OUT 


8-BIT 
SHIFT 
REGISTER 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential! to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Vcc = OV) 

Standard Output 

TRI-STATE Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
~0.5V to +7.0V 
—-30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


VOH Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


lt Input HIGH 
Current 


IBvi Input HIGH Current 
Breakdown Test 


IcEx Output HIGH 54F 
Leakage Current 74F 


Vip Input Leakage 74F 
Test 


Wi Input LOW Current 
li + lozH | Output Leakage Current 
liu:t+ loz. | Output Leakage Current 


lop Output Leakage 
Circuit Current eg 


los Output Short-Circuit Current 


aa a ints | Yeo 


Vin Input HIGH Voltage Ce eee Recognized as a HIGH Signal 
VIL Input LOW Voltage fo eae ed Recognized as a LOW Signal 
Vcop Input Clamp Diode Voltage ee ee lin = —18mA 





Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—58°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


lon = —1mA 
lon = ~3mMA 
lon = —1mA 
loo = —3mA 
loo = —1mA 
lon = —3mA 


lo. = 20 mA (I/Op) 
lo = 20 mA (I/Op) 
lo. = 24 mA (LT, GT, EQ, C/SO) 


VIN = 2.7V 


Vin = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vivo = 2.7V 
Vio = 0.5V 
Vout = 0V 
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DC Electrical Characteristics (Continued) 
54F/74F 


Parameter Vcc Conditions 
Min Typ Max 


Open Collector, Output Vout = Vcc 
OFF Leakage Test | sie nw | me | 
Power Supply Current 128 180 
Power Supply Current 128 180 


Power Supply Current Vo = HIGH Z 


Ta = +25°C 


Parameter Veo = +5.0V i ee . “i 
C. = 50 pF L P 
T 


p 
Min Typ Max | Min Max | Min Max | 
Maximum Shift Frequency | 50 75 ee ee ee 


Propagation Delay 9.0 16.5 20.0 9.0 21.0 
1/Opn to EQ 5.0 9.5 12.0 5.0 13.0 


Propagation Delay 8.5 14.1 19.0 8.5 20.0 
1/Opn to GT 6.5 13.0 16.5 6.5 17.5 


Propagation Delay 7.0 15.5 20.0 7.0 21.0 
1/Opn to LT 4.5 10.0 14.0 4.5 15.0 


Propagation Delay 8.0 15.2 19.5 8.0 20.5 
I/On to C/SO 6.0 12.5 16.0 6.0 17.0 


Propagation Delay : 10.0 20.0 25.0 10.0 26.0 
CP to EQ 4.0 8.5 16.5 4.0 17.5 


Propagation Delay 10.0 16.5 21.0 10.0 22.0 
CP to GT 8.5 17.0 22.0 8.5 23.0 


Propagation Delay 9.0 20.0 25.0 9.0 26.0 
CP to LT 5.5 13.5 17.0 5.5 18.0 


Propagation Delay 
CP to C/SO (Load) 


Propagation Delay — 5.0 10.0 13.0 
CP to C/SO (Serial Shift) 45 9.0 11.5 


Propagation Delay 9.0 15.0 19.0 
C/SI to GT 3.0 6.5 8.5 


Propagation Delay 8.0 15.5 20.0 
C/SI to LT 3.5 6.5 8.5 


Propagation Delay 6.5 11.5 14.5 
So, S1 to C/SO 5.5 14.0 18.0 


Propagation Delay 3.5 8.0 
SE to EQ 2.5 6.0 


Propagation Delay 6.5 12.5 16.0 
SE to GT: 3.5 6.0 


Propagation Delay . 5.0 10.5 13.5 
SE to LT 3.5 6.0 


Propagation Delay 4.0 8.5 
C/SI to C/SO 4.0 8.5 





8.5 16.5 21.0 
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C. = 50pF 
Min 


Propagation Delay 8.0 15.0 19.5 
M to GT 6.0 12.0 15.5 
Propagation Delay 8.0 17.0 22.0 
M to LT 4.5 9.5 12.0 


Propagation Delay 15.0 25.0 33.0 
So, $1 to EQ 9.0 15.0 19.0 


Propagation Delay 10.5 18.0 23.0 
So, S1 to GT 10.5 18.0 23.0 


Propagation Delay 13.0 22.0 28.0 
So, S4 to LT 12.0 19.0 24.0 


Output Enable Time 4.5 10.0 13.0 
So, S; to 1/Op, 5.5 11.0 15.0 


Output Disable Time 3.5 8.0 12.0 
So, S1 to I/O, 4.5 9.6 12.5 


Parameter 


Hold Time, HIGH or LOW 
1/O, to CP 


Setup Time, HIGH or LOW 10.0 
So or S; to CP 10.0 
Hold Time, HIGH or LOW 

So or S; to CP 

Setup Time, HIGH or LOW 7 
C/SI to CP 7 
Hold Time, HIGH or LOW 

C/SI to CP 


Clock Pulse Width, HIGH 


Setup Time, HIGH or LOW 6.0 
I/O, to CP 6.0 
.0 
0 
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ZA National 


Semiconductor 


54F/74F525 
Programmable Counter 


General Description 


The ’F525 is a multi-function 28-pin device. It consists of a 
16-bit count-down counter, logic to control the counter, logic 
to control the state of the outputs and a PLA to decode the 
particular function selected by the user. The list of high- 
speed timing applications include: 


Ordering Code: see Section 5 


Logic Symbol 


Do Dy Dz Dy Dg Dg Dg D7 Dg Dg Dip Dyy Dy 2D 3 D4 Dy5 


TL/F/9547-1 


Features 
Baud rate generator 
Digitally programmed monostable 
Variable system frequency generator 
Digital filter variable sampling rate 
16-bit data path 
External trigger 
Extremely accurate one shot w/pulse widths from 
50 ns to 3.27 ms @CP = 40 MHz 


Connection Diagrams 


Pin Assignment 
DIP, SOIC and Flatpak 


1 

2 
3 
4 
5 
6 
7 
8 
9 


TL/F/9547~-2 


Pin Assignment 
for LCC and PCC 


D7 Dg Ds Dy Dz D2 D, 


Dyq Dy 4Dy2043D,4D)5 Mo 
TL/F/9547-3 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description 


Ouput (Primarily indicates when 
the counter has reached zero) 
Output (Divides Q by 2) 

Status Inputs 

Master Reset 

Clock Pulse 

Data Inputs 

Write Enable Input 

External Trigger Input 

Crystal Output 


Functional Description 


The multi-function aspect of the device consists of eight 
different modes of operation. An explanation of the opera- 
tion of the device in each of the modes follows. However, 
there is one operation that is independent of the selected 
mode: the loading of data. Data is latched into a set of data 
latches when WE is brought from a LOW to a HIGH state. 
The latches are transparent when WE is held LOW. 
Operation Notes: 

1. Device should be reset before operation. 

2. The XTR input acts as a select line for the clock. 

3. With XTR low, the clock goes into the counter. 

4. With XTR high, the clock loads the counter. 

5. In mode 4 and 5, during counting, the counter cannot be 
reloaded. XTR high freezes the count. 

6. Mode 7 is the only auto-reload mode, all other modes 
require and XTR pulse to begin. 

7. Loading 0 into the latches idles the device. 

MODE 0: Interval Timer with Level Output 

While XTR is HIGH, the data in the data latches is loaded 
into the counter upon the next positive edge of CP. The 
negative edge of XTR enables the count-down to begin with 
the next positive edge of CP. When the count reaches zero, 
Q, normally LOW, is brought HIGH and Q/2 toggles state. 
Taking XTR HIGH at any time enables the data in the data 
latches to be loaded into the counter on the rising edge of 
CP and clears Q. See Figure 7. 

MODE 1: Interval Timer with Inverted Level Output 

The operation is exactly the same as in Mode 0 except that 
Q is normally HIGH and goes LOW when the count reaches 
zero. Q/2 toggles on the negative-edge of Q. See Figure 7. 
MODE 2: Interval Timer with Pulse Output 

While XTR is HIGH, the data in the data latches is loaded 
into the counter upon the next positive edge of CP. The 
negative edge of XTR enables the count-down to begin with 
the next positive edge of CP. When the count reaches 


50/33.3 
1.0/1.0 
1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 
1.0/3.0 
1.0/1.0 


4-403 


ULL. Input Iya/lie 
HIGH/LOW Output Ion/loL 


50/33.3 


—1mA/20 mA 


—1mA/20 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.8 mA 
20 pA/—0.6 mA 


zero, Q, normally LOW, is brought HIGH for a single period 
of CP. Q/2 toggles state on the positive edge of Q. Taking 
XTR HIGH at any time causes the data in the data latches 
to be loaded into the counter on the rising edge of CP and 
clears Q. See Figure 2. 


MODE 3: Interval Timer with Inverted Pulse Output 


The operation is exactly the same as in Mode 2 except that 
Qis normally HIGH and goes LOW for a single period of CP. 
Q/2 toggles on the negative edge of Q. See Figure 2. 


Function Table 


0 
0 
0 
0 
1 
1 
1 
1 


--Oo00+4-00 
- orf? O+-f0+0 





MODE 4: Interval Timer, Pulse Output with Count Hold 


While XTR is HIGH, the data in the data latches is loaded 
into the counter upon the next positive edge of CP. The 
negative edge of XTR enables the count-down to begin with 
the next positive edge of CP. When the count reaches zero, 
Q, normally low, is brought HIGH for a single period of CP. 
Q/2 toggles state on the positive edge of Q. Taking XTR 
HIGH before the counters reach zero, stops the count-down 
from the point where it was held. Data cannot be reloaded 
into the counter until a count of zero is reached. See Figure 
3. 


MODE 5: Interval Timer, Inverted Pulse Output with 
Count Hold 

The operation is exactly the same as Mode 4 except that Q 
is normally HIGH and goes LOW for a single period of CP. 
Q/2 toggles on the negative-edge of Q. See Figure 3. 
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Functional Description (continued) 
MODE 6: Retriggerable Synchronous One-Shot 


When XTR is HIGH, the data in the data latches is loaded 
into the counter upon the positive edge of CP. The negative 
edge of XTR enables the count-down to begin with the next 
positive edge of CP, wehre Q, normally LOW, is then 
brought HIGH and the counter is decremented when the 
count reaches zero, Q is brought LOW, and Q/2 is toggled. 
Bringing XTR HIGH during the count-down will allow the 
data in the data latches to be loaded into the counter with 
the next positive edge of CP, but will not affect Q. See Fig- 
ure 4. NOTE that the pulse width of Q will be N-1 clock 
cycles, where N is the number loaded into the counter. 
N=1 should not be used as this may cause unpredictable 
results. 


Block Diagram 


COUNTER 
CONTROL 
LOGIC 


4-404 


MODE 7: Frequency Generator 


When XTR is HIGH, the data in the data latches is loaded 
into the counter upon the positive edge of CP. The negative 
edge of XTR enables the count-down to begin with the next 
positive edge of CP. When the count reaches zero, Q, nor- 
mally LOW, is brought HIGH for a single period of CP and 
Q/2 is toggled. The same clock edge that brings Q HIGH, 
also loads the data in the data latches into the counter. The 
counter will start to count on the next positive edge of CP. 
This mode will run continuously after an initial XTR until 
stopped by MR. Taking XTR HIGH at any time causes the 
data in the data latches to be loaded into the counter and Q 
output to be cleared with the next positive edge of CP. See 
Figure 5. 


Do Dy Dz Ds Dy Ds Dg D7 Dg Dg Dy qDy 4D; 20430, ,Dj5 


COUNT=DOWN 
COUNTER 


OUTPUT 
STATE 
CONTROL 


TL/F/9547-4 





Timing Diagrams 


AXXXKXXKXXXRKKKKA XK 





TL/F/9547-5 


OWith XTR HIGH, the rising edge of CP loads data from the latches to the counter. 
@With XTR LOW, the rising edge of CP begins count-down cycle. 

@When the count reaches zero, Q goes HIGH, and Q/2 toggles state. 

@The next occurrence of XTR clears Q. 


FIGURE 1. MODE 0 and MODE 1 (Inverse Output of Mode 0) 


M, = 000, 001 


IPP SEPP 


KXXKXXXXXXXXXXXXXXXXXXX) AKKKKXXKXAKKKAKX 
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OWith XTR HIGH, the rising edge of CP loads data from the latches to the counter. 
@With XTR LOW, the rising edge of CP begins the count-down cycle. 
@When the count reaches zero, Q goes HIGH for one period of CP, and Q/2 toggles state. 
FIGURE 2. MODE 2 and MODE 3 (inverse Output of Mode 2) 


Mp, = 010,011 


&* AD PARPPRRRAPRPDD 


DON'T CARE 


FIGURE 3. MODE 4 and MODE 5 
M, = 100, 101 
@With XTR HIGH, the rising edge of CP loads data from the latches into the counter. 
@With XTR LOW, the rising edge of CP begins the count-down. 
@With XTR HIGH, during count-down, the rising edge of CP does nothing. 
@When the count reaches zero, Q goes HIGH for one clock cycle and Q/2 toggles state. 
Note: Once the count reaches zero, the counter can be reloaded with XTR HIGH. 


4-405 


TL/F/9547-7 
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Timing Diagrams (Continueq) 


XTR \ / \ 
eD.LPDPPPPRPRARDN 


KKK KKKKKKKKKRKN 


TL/F/9547-8 
FIGURE 4. MODE 6 
M, = 110 
@With XTR HIGH, the rising edge of CP loads data from the latches to the counter. 


@With XTR LOW, the rising edge of CP begins the count, and Q goes HIGH. 
@When the count reaches zero, Q goes LOW, and Q/2 toggles state. Bringing XTR HIGH before count reaches zero will reload the counter, but not affect Q. 


Notes: 
Loading N=0 halts counter; loading N= 1 will result in undefined operation. 
Pulse width = (2/CP) * (N—1) 


XTR \ | 
Dee ne pone ae aw ae gw ae aw ae 


XXXKK __ XXXXKAXKAX 


TL/F/9547-9 
FIGURE 5. MODE 7 
Mp, = 1114 
@With XTR HIGH, the rising edge of CP, loads data from the latches to the counter. 
@On the falling edge of XTR, the rising edge of CP begins count-down. 
@When count reaches zero, Q goes HIGH for one period of CP, and Q/2 toggles on the Q rising edge. 
@On the rising edge of CP on which Q goes LOW, the counters are reloaded. 
®Count-down begins again. © 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 58°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
Vit Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Veo 
VoH 


Voltage 





Output LOW 
Voltage 


Input HIGH 


VoL 


Current 


54F 20.0 
5.0 


Input HIGH Current 


100 
eae 


74F 
54F 
Breakdown Test 7 
Output HIGH § 

74F 


Leakage Current 


Output Leakage A 
Circuit CTC | ae 


Input Leakage 
Test 


| InputLOW Current = LOW Current 


Output Short-Circuit Current oe ea 
Power Supply Current 106 160 | ma | Max | 
Power Supply Current 106 160 | mA | Max | 


ICcH 
IocL 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
o°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 


lin = —18mA 


lon = —1mA 
loo = —1mA 
loo = —1mMA 


lo. = 20 mA 
lo = 20 mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV 
Vo = HIGH 
Vo = LOW 
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ty(H) Hold Time, HIGH or LOW 
th(D) Dy to CP 


AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
C_ = 50 pF 


| Min Typ Max | Min Max | Min Max_ | 
Maximum Clock Frequency aC eee aces eerie pete | 
Propagation Delay 9.0 16.0 20.5 22.5 
CP toQ 8.0 12.0 15.5 17.5 
Propagation Delay 9.0 15.5 20.0 22.0 
CP to Q/2 10.0 15.5 20.0 22.0 
Propagation Delay 8.5 12.0 15.5 17.5 
XTR toQ 6.0 10.5 13.5 15.0 
Propagation Delay 11.5 16.5 21.0 10.5 23.0 
MR toQ 9.0 12.5 16.0 8.0 18.0 


Propagation Delay 8.0 14.0 17.5 7.0 19.5 
MRto Q/2 7.0 10.5 13.5 6.0 15.0 


Propagation Delay 10.0 15.0 19.0 9.0 21.0 
M, to Q 10.5 17.0 21.5 9.5 23.5 


AC Operating Requirements: see Section 2 for Waveforms 


Cc 


Ta = = +25° = wi = 
Symbol Parameter Ta; Vcc = Mil Ta, Vec = Com 


V 

ts(H) Setup Time, HIGH or LOW 2. 

t,(L) DatoWE 4 

th(H) Hold Time, HIGH or LOW 

ty(L) D, to WE 

ts(H) Setup Time, HIGH or LOW 9. 

t,(L) Dr to CP 10.5 
7. 
7 
4 
3 


Ta; Vec = Mil 
CL = 50 pF 


10.0 
12.0 


eo 
oO 


35.5 
35.5 


13.0 


twH) | XTR Pulse Width, HIGH 
twit) | MR Pulse Width, LOW ae 


twit) | WE Pulse Width, Low ps 
tw(H) CP Pulse Width 
tyw(L) HIGH or LOW 
trec Recovery Time 
MR to CP 
trec Recovery Time 3 
Mode to CP 
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© 
a 


108 


0 
0 
2 errs 

ts(H) Setup Time, HIGH or LOW 0 

ts(L) XTR to CP 

th(H) Hold Time, HIGH or LOW 

XTR to CP 

ts(H) Setup Time, HIGH or LOW 33.5 

te(L) Mode to CP 33.5 
0 ere 
5 yee 
: en: 


Cc 
0.0 


ee 
- 





ZA National 


Semiconductor 


54F/74F533 


Octal Transparent Latch with TRI-STATE® Outputs 


General Description 

The ’F533 consists of eight latches with TRI-STATE outputs 
for bus organized system applications. The flip-flops appear 
transparent to the data when Latch Enable (LE) is HIGH. 
When LE is LOW, the data that meets the setup times is 
latched. Data appears on the bus when the Output Enable 
(OE) is LOW. When OE is HIGH the bus output is in the high 
impedance state. The ’F533 is the same as the ’F373, ex- 
cept that the outputs are inverted. 


Ordering Code: see Sections 
Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


IEEE/IEC 


oon DO & WN 


= 
So 


TL/F/9548-4 


TL/F/9548-1 


Features 

m Eight latches in a single package 

m TRI-STATE outputs for bus interfacing 

@ Inverted version of the 'F373 

m Guaranteed 4000V minimum ESD protection 


Connection Diagrams 


Pin Assignment 
for LCC 


Ds Dz 0, 0, Dy 
BEE 
Gnas 





Ds O5 0g Dg Dz 


TL/F/9548-3 


TL/F/9548~2 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description ULL. Input WH/he 
HIGH/LOW Output lon/loL 


Data Inputs 

Latch Enable Input (Active HIGH) 
Output Enable Input (Active LOW) 
Complementary TRI-STATE Outputs 


IGH Voltage Level 
W Voltage Level 
material 


Functional Description 


The ’F533 contains eight D-type latches with TRI-STATE 
output buffers. When the Latch Enable (LE) input is HIGH, 
data on the D, inputs enters the latches. In this condition 
the latches are transparent, i.e., a latch output will change 
state each time its D input changes. When LE is LOW, the 
latches store the information that was present on the D in- 


Logic Diagram 


Do 


% 0 Oo 


1.0/1.0 
1.0/1.0 
1.0/1.0 
150/40 (33.3) 





20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 
—3 mA/24 mA (20 mA) 


puts a setup time preceding the HIGH-to-LOW transition of 
LE. The TRI-STATE buffers are controlled by the Output 
Enable (OE) input. When OE is LOW, the buffers are in the 
bi-state mode. When OE is HIGH the buffers are in the high 
impedance mode but this does not interfere with entering 
new data into the latches. 


hy 
YY 


0s 07 


TL/F/9548-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —§5°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Vcc = OV) 

Standard Output 

TRI-STATE Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Vin___|_ Input HIGH Voltage ee 


VIL Input LOW Voltage 
Vop Input Clamp Diode Voltage 


VoH Output HIGH 54F 10% Voc 
Voltage 54F 10% Voc 

74F 10% Voc 

7T4F 10% Voc 


74F 5% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 54F 
Current 74F 
IBvI Input HIGH Current 54F 
Breakdown Test 74F 


Ipvit Input HIGH Current 54F 
Breakdown (I/O) 74F 


IcEX Output HIGH 54F 
Leakage Current 74F 





Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4,.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
IiIN = —18mA 


lon = —1mA 
lon = —3mMA 
lon = —1mA 
lon = —3mMmA 
lon = —1mA 
lon = —3mA 
lol = 20mA 

lol = 24mA 


VIN = 2.7V 
Vin = 7.0V 
Vin = 5.5V 


Vout = Vcc 


pA 
Vip Input Leakage lip = 1.9 pA 
Test iF a - All Other Pins Grounded 
Output Leakage Viop = 150 mV 
Circuit Current All Other Pins Grounded 


Input LOW Current ear 


Vin = 0.5V 


Output Leakage Current ees Vour = 27V 
Output Leakage Current p80 | A | Max | Vour = 0.5V 


se Short-Circuit Current —60 —150 


Vout = OV 


| mA | Max 
| BusDrainageTest_ | 800 '| A | .0V | Vour = 5.25V 
paras ma | Ma | 


Power Supply Current 


Vo = HIGHZ 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 











Ta = +25°C 
Vcc = +5.0V 
C. = 50 pF 










Ta, Vcc = Mil 
C_ = 50 pF 


Fig. 
No. 








Symbol Parameter 










Propagation Delay . : 6.7 9.0 4.0 12.0 4.0 10.0 
Dn to On 44 7.0 2.5 9.0 2.5 8.0 


Propagation Delay 7.1 11.0 5.0 14.0 5.0 13.0 
LE to, 4.7 7.0 3.0 9.0 3.0 8.0 
Output Enable Time 5.9 10.0 2.0 12.5 2.0 11.0 Fons | 










5.6 7.5 2.0 10.5 2.0 8.5 


Output Disable Time 1.5 3.4 6.5 1.5 8.5 1.5 7.0 
1.5 2.7 5.5 1.5 7.5 1.5 6.5 














Ta = +25°C 
ea = +5.0V 


Fig. 


Parameter 
No. 


Symbol! Ta; Vcc = Mil Ta, Vec = Com 







Setup Time, HIGH or LOW 
Dry to LE 


Hold Time, HIGH or LOW 
Dp, to LE 


LE Pulse Width, HIGH 
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ZA National 


Semiconductor 
54F/74F534 
Octal D-Type Flip-Flop with TRI-STATE® ne 
General Description Features 


The ’F534 is a high speed, low-power octal D-type flip-flop  ™ Edge-triggered D-type inputs 
featuring separate D-type inputs for each flip-flop and m Buffered positive edge-triggered clock 
TRI-STATE outputs for bus-oriented applications. A buff- | TRI-STATE outputs for bus-oriented applications 


flip-flops. The ’F534 is the same as the ’F374 except that 
the outputs are inverted. 


Ordering Code: see Sections 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 






Dp Dy Dz Dz Dy Ds Dg Dy 





TL/F/9549-1 


IEEE/IEC 





1 
2 
3 
4 
5 
6 
7 
8 
9 Ds, Os Og Dg Dy 


_ 
oO 


TL/F/9549-3 





TL/F/9549-2 





TL/F/9549-5 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


Description U.L. Input tWH/ Ii 
HIGH/LOW Output Iox/loL 


Data Inputs 0/1. 20 pA/—-0.6 mA 
Clock Pulse Input (Active Rising Edge) 0/1. 20 pA/—0.6 mA 
TRI-STATE Output Enable Input (Active LOW) 0/1. 20 pA/—0.6 mA 
Complementary TRI-STATE Outputs 150/40(33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


The ’F534 consists of eight edge-triggered flip-flops with in- 
dividual D-type inputs and TRI-STATE complementary out- 
puts. The buffered clock and buffered Output Enable are 
common to all flip-flops. The eight flip-flops will store the 
state of their individual D inputs that meet the setup and 
hold times requirements on the LOW-to-HIGH clock (CP) 
transition. With the Output Enable (OE) LOW, the contents 
of the eight flip-flops are available at the outputs. When the 
OE is HIGH, the outputs go to the high impedance state. 
Operation of the OE input does not affect the state of the 
flip-flops. 


Logic Diagram 





go 
(eee | aS | aes 
\ / \/ \/ 
ie 1% [8 


2 


D 
Q 
e 
0 


1 


o | o | o | 
\/ \/ \/ 
Rak oe e: 


3 


Function Table 


= HIGH Voltage Level 
= LOW Voltage Level 

X = Immaterial 

~Y = LOW-to-HIGH Clock Transition 

Z = High Impedance 

Oo = Value stored from previous clock cycle 


H 
L 


3 


6 07 
TL/F/9549-4 


= 

cP OD 
iY 

e 

0 


4 5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) 
lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 56°C to + 175°C 
Vcc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Voc = OV) 

Standard Output 

TRI-STATE Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


Vin | Input HIGH Voltage Se eee 


VIL Input LOW Voltage 


Input Clamp Diode Voltage es 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 54F 
Current 74F 
4F 


Input HIGH Current 5 
Breakdown Test 7 


4F 
Leakage Current 74F 
n 
lozH 
lozt 
los 


Vad Bus Drainage Test 
locz Power Supply Current 


54F/74F 


in Typ Max 
2.0 
—1.2 
2.5 





Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial! 


—55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+ 4.5V to + 5.5V 


Ve Conditions 


QO 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
In = —18mA 


Vv 
Vv 
Vv 


lon = —1mA 
lon = —3MA 
lon = —1mA 
loy = —3mA 
lon = —1mA 
loo = -—3mMA 


= 20mA 
24mA 


= 2.7V 


= 


Vin = 7.0V 


= 


: 
> 


Vout = Voc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 1.50 pA 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = OV 
Vout = 5.25V 
Vo = HIGHZ 


= 
> 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
C, = 50 pF 


Maximum Clock Frequency ett tie 


Propagation Delay 4.0 6.5 8.5 4.0 10.5 ; : 10.0 
CP to 0, 4.0 6.5 8.5 4.0 11.0 10.0 


Output Enable Time ae 9.0 11.5 2.0 14.0 2.0 ie . 
5.8 7.5 2.0 10.0 2.0 


Output Disable Time 7.0 1.5 8.0 
i ‘ 5.5 1.5 7.5 ‘ : 


Ta, Vec = Mil 
C, = 50 pF 


AC Operating SS See Section 2 for Waveforms 


Ta = +25°C _ 
Parameter ~ ee = +50V Ta, Vec = Mil Tas Vcc = Com . 


Setup Time, HIGH or LOW 
Dn to CP 


Hold Time, HIGH or LOW 
Dn to CP 
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ZA National 


Semiconductor 


54F/74F537 


1-of-10 Decoder with TRI-STATE® Outputs 


General Description 


The ’F537 is one-of-ten decoder/demultiplexer with four ac- 
tive HIGH BCD inputs and ten mutually exclusive outputs. A 
polarity control input determines whether the outputs are 
active LOW or active HIGH. The ’F537 has TRI-STATE out- 
puts, and a HIGH signal on the Output Enable (OE) input 
forces all outputs to the high impedance state. Two input 


Ordering Code: see section 5 


Logic Symbols 


Op 0, 07 03 04 O5 Og 07 0g Og 





TL/F/9550-3 


lEEE/IEC 


onan DM OO mt Ww DH = 


ary 
Qo 


TL/F/9550-5 


Pin Assignment for 
DIP, SOIC and Flatpak 


enables, active HIGH Ep and active LOW Ej, are available 
for demultiplexing data to the selected output in either non- 
inverted or inverted form. Input codes greater than BCD 
nine cause all outputs to go to the inactive state (i.e., same 
polarity as the P input). 


Connection Diagrams 


Pin Assignment 
for LCC 


Os Ay Ap OE P 
BOE 
Snes & 





Ey Ey Ap As O% 
TL/F/9550-2 


TL/F/9550-1 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


Description 


Address Inputs 


Enable Input (Active LOW) - 
Enable Input (Active HIGH) 
Output Enable Input (Active LOW) 
Polarity Control Input 

TRI-STATE Outputs 





U.L. Input taW/ie 
HIGH/LOW Output Ion/loL 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
150/40 (33.3) 


20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 
—3 mA/24 mA (20 mA) 
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oaorDi4aa)/rrcreT 


TL/F/9550-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


aS edd GT4o4nugl/rrcrT 


sea es as Vig Joo4oidua/rrrT 


oiT ad oatf CTCL 


4mi48 JHi4oi84/(rriryt 


ro u4 Joo4oiui4t/rrrTt 


ca 
il | 


4Joaoig4d|;/rrro 


ois o4o/trcoit 


Joiidt!/r4arT 
4sSoogo4u4dgf4uorrr 


pxxfazas jarm4ut Irtxx);jtrs4Lt JSdr4at 4jIrtxK x 
«x XK 
x 


Oo O3; O, O5 Og O7 Og Og 
Outputs Equal P Input 


ome 


5 


< 


X 
LL 


eae) 


JiAartr Ja3HTrxKIijA4sarL aiHjitL oottx< 


A2 
Xx 


xjoaoioi4 pa Cs a Tes aid4x ryjaidia4 xrriTt 44x 


DTorTrTstsiss rIrrst 


A3 


vy 


DPrrrririeTTt Irtrct 


aitoog/uioa so a Ii! 


> 


os se ee ee 


Truth Table 
Active HIGH 
Output 
(P = L) 

Active LOW 
Output 
(P=) 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

Z = High Impedance 

Logic Diagram 


High Impedance 
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Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature -~65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —58°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Vin 
Vit 
Vcp 


VoH Output HIGH 


Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Vcc 


7T4F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


54F 10% Voc 
74F 10% Vcc 


54F 
74F 


54F 
74F 


54F 
74F 


Input Leakage 
Test 


ser | sal 
Circuit Current 

in| Inputuowcurent | 0.8 | mA 
an ee oe 
| OutputLeakage Curent |= 80 |p| Max | 
| Output Short Circuit Curent | -60 = 150 | ma_| Max | 
| BusDrainageTest =| 800 |_| COV | 
| Power Supply Curent | 86 | mA | Max | 


loZH 
loz 
los 
I2z 
IocH 
Iccz 


Fae tee Sa 
| Min Typ Max | 


input HIGH Voltage nee 
input LOW Voltage ee 
Input Clamp Diode Voltage pte || in 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA 
lon = —3MA 
lon = —1mMA 
lon = —3MA 
loo = —1mMA 

—3mA 


lo. = 20mA 
lo. = 24mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Voc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
VouT = 0V 
Vout = 5.25V 
Vo = HIGH 
Vo = HIGHZ 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


a 


Ta = +25°C 
Parameter Vec = +5.0V 
C._ = 50 pF 


Ta; Vcc = Mil Ta, Vcc = Com 
C_ = 50 pF C_ = 50 pF 


Min Typ Max_| Min Max | Min Max 
Propagation Delay 6.0 11.0 16.0 6.0 17.0 
An to Op 4.0 7.5 11.0 4.0 12.0 
Propagation Delay 5.0 8.5 14.5 5.0 15.5 
E; to On, 4.0 6.5 9.0 4.0 10.0 


Propagation Delay 6.0 11.0 16.0 6.0 17.0 
Es to O7 5.0 10.0 14.0 5.0 15.0 
Propagation Delay 6.0 11.5 18.0 6.0 20.0 
P to Opn 6.0 11.0 16.0 6.0 17.0 
Output Enable Time 3.0 5.5 10.5 3.0 11.5 
OE to On 5.0 9.0 13.0 5.0 14.0 
Output Disable Time 2.0 4.0 6.0 2.0 

OE to On 3.0 5.0 7.0 3.0 


7.0 
8.0 
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ZA National 


Semiconductor 


54F/74F538 
1-of-8 Decoder with TRI-STATE® Outputs 


General Description 


The ’F538 decoder/demultiplexer accepts three Address four packages, or for data demultiplexing to 1-of-8 or 1-of- 
(Ag-Ag) input signals and decodes them to select one of 16 destinations. 

eight mutually exclusive outputs. A polarity control input (P) 

determines whether the outputs are active LOW or active Features 

HIGH. A HIGH Signal on either of the active LOW Output» Output polarity control 

Enable (OE) inputs forces all outputs to the high impedance : : on 

state. Two active HIGH and two active LOW input enables B Date demultiplexing eapabilty 


are available for easy expansion to 1-of 32 decoding with m Multiple enables for expansion 


m TRI-STATE outputs 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


IEEE/IEC Pin Assignment for 
DIP, SOIC and Flatpak 


DI Ee 4 04 0, 05 04 05 Og 0, 


TL/F/9551—-1 


oan mn or wn 


TL/F/9551~2 


TL/F/9551-5 
Pin Assignment 


for LCC 
. A Os Ay Ap Ep OF 
Unit Loading/Fan Out: see Section 2 for U.L. Definitions @ 
| bed) 


bed he 
54F/74F 


Description ULL. Input Nyy/ie 
HIGH/LOW Output Ion/lot 


Address Inputs 1.0/1.0 20 pA/—0.6 mA 


Enable Inputs 1.0/1.0 20 pA/-0.6 mA ALAA 
(Active LOW) 4 13) 


Enable Inputs 1.0/1.0 20 pA/—0.6 mA Es Ep Ey Ap O% 

(Active HIGH) TL/F/9551~3 
Polarity Control Input 1.0/1.0 20 pA/—0.6 mA 

Output Enable Inputs 1.0/1.0 20 pA/—0.6 mA 


(Active LOW) j 
TRI-STATE Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA) 
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Truth Table 


OF: OF | i_f2 Es fi | Az As Ao| Q 01 G2 G2 0% 05 0% Or | 


High 
ss 


Active HIGH 
Output 
(P=L) 


: 


x KKK | OX 


Outputs Equal P Input 


Active LOW 
Output 
(P = H) 


rPrrrr rrr yrr rrr rer ele reel xK 
Prerer rrr er lyer err error reir er ere {cx 
| ena ei ema a ad oe co cA coe ee a ced (>, > ea. ieee a] D> 
Poem errrr er yer reo er oer oe ll ae KKK XK 
TEDL le ces ee ES | Xe Ke OK 
TrrTrrwTwrTwrTaryjyr~rTtwrT~r~t~TwrTawzqtqwTrTaargiere“KxnKx«\|xK x 
il ames eae MC cc coc cae | nO SRE! A Oe oe am ce I> <> 

Tre@dromdretrjrtretiririaeritiel| KK KK I|xK XK 


LPErrtor er |fSocrer lates 
is Sg Cog Se Sele aes eC | Or a le ca a = 
IFTITTrTITIITeFeTtIJreerer-er-er-er-tre 
i a ee el eae Ca Ce Se eee ee 
TUTITPrFTTITI|rrrer reer 
FoI rttE TD |rrraererre 
Sr Ee ae ee ere eee 
DE SE SE eee ee ea 
rF@rrrrTrrzryjrtrororrcoee 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 


Logic Diagram 


TL/F/9551-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales ; : 
Office/Distributors for availability and specifications. Ge Pemperature ~55°C to + 125°C 


Storage Temperature —65°C to + 150°C Commercial 0°C to +70°C 

Ambient Temperature under Bias — 58°C to +125°C Supply Voltage 

Junction Temperature under Bias —55°C to + 175°C Military +4,5V to +5.5V 

Voc Pin Potential to Commercial + 4,5V to +5.5V 
Ground Pin —0.5V to +7.0V 

Input Voltage (Note 2) —0.5V to +7.0V 

Input Current (Note 2) —30 mA to +5.0 mA 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output —0.5V to Vcc 
TRI-STATE Output —0.5V to +5.5V 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol! Parameter ail load 
Min Typ Max 
Vin __|_ Input HIGH Voltage 


VIL Input LOW Voltage 


Voc Conditions 


V 
V 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


—1mA 
—3mA 
—imA 
—3mA 
—1mA 


Vop Input Clamp Diode Voltage V 
2.5 


VoH Output HIGH 54F 10% Vcc 
Voltage 54F 10% Voc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 





Output LOW 54F 10% Vcc 
Voltage 74F 10% Vcc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Output HIGH 54F 
Leakage Current 74F 


lozH 
loz Your Sy 
los Output Short-Circuit Current mA Vout = 0V 


= 
» 
4 


Vin = 7.0V 


Vout = Voc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 


EIE 3 
>|>|> 


= = = = 
i) 
xx 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
An to On 


Propagation Delay 
E; or Es toO, 
Propagation Delay 
Ez or Ey to Opn 
Propagation Delay 
P toOn 

Output Enable Time 
OE; or CEs to O, 
Output Disable Time 
OE, or CEs toO, 


is 


Ta = +25°C 
at = +5.0V 
CL = er 


11.0 
7.6 


8.5 
6.5 


11.0 
10.0 


11.5 
11.0 


5.5 
9.0 


4.0 
5.0 


16.0 
11.0 


15.0 
9.0 


16.0 
14.0 


18.0 
16.0 


10.0 
13.0 
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Ta; Vec = Mil 
C,_ = 50 pF 


12.0 


ee 
ee 


pe. as 
pe. as 


20.0 
17.0 


11.0 
14.0 


7.0 
9.0 





ZA National 


Semiconductor 


54F/74F539 


Dual 1-of-4 Decoder with TRI-STATE® Outputs 


General Description 


The ’F539 contains two independent decoders. Each ac- 
cepts two Address (Ag, Aj) input signals and decodes them 
to select one of four mutually exclusive outputs. A polarity 
control input (P) determines whether the outputs are active 
HIGH (P = L) or active LOW (P = H). An active LOW 


Ordering Code: see Sections 


Logic Symbols 


Ag Ay 


DECODER a 


IEEE/IEC 


Ay Ay 


DECODER b 


input Enable (E) is available for data demultiplexing; data is 
routed to the selected output in non-inverted form in the 
active LOW mode or in inverted form in the active HIGH 
mode. A HIGH signal on the active LOW Output Enable 
(OE) input forces the TRI-STATE outputs to the high imped- 
ance state. 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9552-1 


[ug e Fos 
ce ror 9 


eo) 


1 

2 
3 
4 
5 
6 
7 
8 
9 


t=) 


TL/F/9552-2 


Pin Assignment 
for LCC 


Osa Ata Aga OFF Pp 
Be) &) 4 
Ted el et he 


TL/F/9552-4 


4) (5) fe) 1) fa) 


OF Fa & Aob Ath 


TL/F/9552-3 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description ULL. input NW/N. 
HIGH/LOW Output Ion/IoL 


Aga-Ata Side A Address Inputs 1.0/1.0 20 pA/—0.6 mA 
Aob-Atb Side B Address Inputs 1.0/1.0 - 20 pA/—0.6 mA 
Eg: Ep Enable Inputs (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
OE,, OEp Output Enable Inputs (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
Pa, Pp Polarity Control Inputs 1.0/1.0 20 pA/—0.6 mA 
Ooa-O3a Side ATRI-STATE Outputs - 150/40 (33.3) | —3 mA/24 mA (20 mA) 
Oop-Oab Side B TRI-STATE Outputs 150/40 (33.3) | —3mA/24 mA (20 mA) 


Truth Table (each half 


al 
m 
> 
g 


High Impedance 


Disable | 


Active HIGH 
Output 
(P=L) 


-}/z 


HIGH Voltage Level 
LOW Voltage Level 
X = Immaterial 
Z = High Impedance 


Active LOW 
Output 
(P = H) 





merererljrrerclyclixk im 
ZToreijrcToToeelxKIxX 
Irrtreijrririxix 


Soa a De alle el ae ee ce 
TIoIoirirrerrcT 
ia as EN paca OS (el ae eee ER ce 
LP hie oe Ee 
rFrrrtrijrreree 


Logic Diagram (one half shown) 


0% 0; 02 
TL/F/9552-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo_ (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
orc to + 70°C 


+4.5V to +5.5V 
'+4,.5V to +5.5V 


Conditions 


Vin 
VIL 
Vcep 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


Output HIGH 
Voltage 


54F 10% Vcc 
54F 10% Voc 
74F 10% Voc 


VOH 


74F 10% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


BAF 10% Voc 
74F 10% Vcc 


54F 
74F 


54F 
74F 


54F 
74F 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW Current 


lozH Output Leakage Current 


loz- Output Leakage Current 


Output Short-Circuit Current 
Bus Drainage Test 

Power Supply Current 
Power Supply Current 
Power Supply Current 


Min Typ Max 
2.0 

—1.2 
2.5 
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lon = —1mA 
lon = —3mMA 
lon = —1mA 
lon = —3mA 
lon = —1mA 
lon = —3mA 
lo. = 20 mA 
= 24mA 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 
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Symbol 


Parameter 


Propagation Delay 
An to On 


Propagation Delay 
Eto O, 

Propagation Delay 
P to On 

Output Enable Time 
OE to O, 

Output Disable Time 
OE to O, 


AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Vee = = +5.0V 


| Min Typ Max_—| 
: : 14.5 
9.5 


12.0 
7.5 


14.5 
11.0 


8.0 
10.0 


4.5 
6.5 
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ZANational 


Semiconductor 


54F/74F540 ¢ 54F/74F541 


LpS e OFS 


Octal Buffer/Line Driver with TRI-STATE® Outputs 


General Description 

The ’F540 and ’F541 are similar in function to the F240 and 
F244 respectively, except that the inputs and outputs are 
on opposite sides of the package (see Connection Dia- 
grams). This pinout arrangement makes these devices es- 
pecially useful as output ports for microprocessors, allowing 
ease of layout and greater PC board density. 


Ordering Code: see Section 5 


Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 
ay, 


inno 


7 
pittinrad 


TL/F/9553-1 





TL/F/9553-4 


Features 

m@ TRI-STATE outputs drive bus lines 

m@ Inputs and outputs opposite side of package, allowing 
easier interface to microprocessors 


Pin Assignment 
for LCC 


Ig Is 4 ts by 
BOE 


a 


ee: 


04 03 04 0; 0% 





TL/F/9553-2 


ipe' eclipse 
ea ea aE] 


oe 


ai” 


rail 


14) £3) fs) 1 fal 
04 03 02 0; Op 





=| 
So 


TL/F/9553-5 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


U.L. Input Fyq/Nje 
HIGH/LOW Output lon/lor 


1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—0.6 mA 
600/106.6 (80) | —12 mA/64 mA (48 mA) 


Description 


TRI-STATE Output Enable Input (Active LOW) 
Inputs 
Outputs 
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540 ¢ 541 


Truth Table 


OE; OE» | F540 "F541 


L H 
Z Z 
Z Z 
H L 


IEEE/IEC 
"F540 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 


Logic Diagrams 


TL/F/9553-3 


4-430 


IEEE/IEC 
F541 


TL/F/9553-6 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to +175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
-30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current timit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


= 


n 
ViH 
VIL 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 54F 10% Voc 


74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Vcc 


Input HIGH Current 
Breakdown Test 


Output HIGH 


5 
Leakage Current 7 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW Current 
Output Leakage Current 


4F 
4F 
74F 
74F 


loZH 
Output Leakage Current 


Output Short-Circuit Current 


loz 


Bus Drainage Test 


54F/74F 


Typ 


J inputHiGHVolage | 0 





2.7 
0.55 
‘ 
Input HIGH 54F 20.0 
Current 74F 5.0 
54F 100 
74F 7.0 


250 
50 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 58°C to + 125°C 
°C to + 70°C 


+4,.5V to +5.5V 
+ 4.5V to + 5.5V 


Vc Conditions 


= 
° 


ax 
Recognized as a HIGH Signa! 
Recognized as a LOW Signal 
In = —18mA 

lon = —3 mA 

lon = —12mA 

lon = —3mA 


loo = —15mMA 
lon = —3mA 


48 mA 
64mA 


lo. = 
lol = 


pA Vin = 2.7V 


pA Vin = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = OV 
Vout = 5.25V 


Vv 
pA 
mA 
pA 
pA 
mA 


° 
< 


= = 





LpS e OPS 


540 © 541 


DC Electrical Characteristics (Continued) 


Parameter 


Vec = +5.0V 
— = 50 pF 
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Te Vo = HIGHZ 


Vo = HIGHZ 


Ta, Voc = Mil 
C_ = 50 pF 


1.0 
1.0 


2.5 ‘ 2.5 
3.5 : 3.5 


- 
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Semiconductor 


54F/74F543 
Octal Registered Transceiver 


General Description Features 


The 'F543 octal transceiver contains two sets of D-type 8-bit octal transceiver 

latches for temporary storage of data flowing in either direc- Back-to-back registers for storage 

tion. Separate Latch Enable and Output Enable inputs are Separate controls for data flow in each direction 
provided for each register to permit independent control of A outputs sink 24 mA (20 mA Mil) 

inputting and outputting in either direction of data flow. The B outputs sink 64 mA (48 mA Mil) 

A outputs are guaranteed to sink 24 mA (20 mA Mil) while 


the B outputs are rated for 64 mA (48 mA Mil). S00'miil silt package 


Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


Ag Ag Ay NC Az Ay Ay 
1) £9 (2) BC) &) 


CEAB (3) & 





oon oO OF WP 


Bg Bs By NC Bs By By 
TL/F/9554-3 


~ 
oO 





_ 
_ 


TL/F/9554—-1 


= 
bo 


{EEE/IEC TL/F/9554-2 


TL/F/9554-5 
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Unit Loading/Fan Out: see section 2 for U.L. definitions 


54F/74F 


Description U.L. Input Ia/Iie 
HIGH/LOW Output Ion/lo. 


1.0/1.0 20 pA/—0.6 mA 
1.0/1.0 20 pA/—-0.6 mA 
1.0/2.0 20 wA/—1.2 mA 
1.0/2.0 20 pA/—1.2 mA 
1.0/1.0 20 pA/—0.6 mA 


A-to-B Output Enable Input (Active LOW) 
B-to-A Output Enable Input (Active LOW) 
A-to-B Enable Input (Active LOW) 

B-to-A Enable Input (Active LOW) 

A-to-B Latch Enable Input (Active LOW) 
B-to-A Latch Enable Input (Active LOW) 


1.0/1.0 


20 pA/—0.6 mA 


A-to-B Data Inputs or 3.5/1.083 - 70 pA/—650 pA 
B-to-A TRI-STATE® Outputs 150/40 (33.8) | —3 mA/24 mA (20 mA) 


B-to-A Data Inputs or 3.5/1.083 70 pA/—650 pA 
A-to-B TRI-STATE Outputs 600/106.6 (80) | — 12 mA/64 mA (48 mA) 


Functional Description 


The ’F543 contains two sets of eight D-type latches, with 
separate input and output controls for each set. For data 
flow from A to B, for example, the A-to-B Enable (CEAB) 
input must be LOW in order to enter data from Ag—A7 or 
take data from By-B7, as indicated in the Data !/O Control 
Table. With CEAB LOW, a LOW signal on the A-to-B Latch 
Enable (LEAB) input makes the A-to-B latches transparent; 
a subsequent LOW-to-HIGH transition of the LEAB signal 
puts the A latches in the storage mode and their outputs no 
longer change with the A inputs. With CEAB and OEAB both 
LOW, the TRI-STATE B output buffers are active and reflect 
the data present at the output of the A latches. Control of 
data flow from B to A is similar, but using the CEBA, LEBA 


and OEBA inputs. 
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Data I/O Control Table 


| inputs Latch Status | Output Buffers 


Latched 
Latched 
Transparent 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

A-to-B data flow shown; B-to-A flow control 

is the same, except using CEBA, LEBA and OEBA 


High Z 
High Z 
Driving 





evs 


Logic Diagram 


DETAIL Ax7 


LEAB ; 
TL/F/9554-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, 


please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambiesnt Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


ViH Input HIGH Voltage 
Vi___|_Input Low voltage ae 
Veo Input Clamp Diode Voltage | 


VouH Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
54F 10% Vcc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
74F 5% Voc 
74F 5% Voc 


54F 10% Vcc 
54F 10% Voc 
TAF 10% Voc 
74F 10% Voc 


Output LOW 
Voltage 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 58°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


aia ee 
lon = —1 MA (Ap) 
loH = —3 MA (Ap (Bp) 
lon = —12 mA (Bp) 
loH = —1 mA (Ap) 
= —3 mA (Ap, Br) 
= —12 mA (By) 
loH = —1 mA (Ay) 
= —3 mA (An, Bn) 
= —15mA (By) 


= 20 mA (Ap) 

Vv lo. = 48 mA (Bp) 
lo. = 24 mA (Ap) 

lo. = 64 mA (By) 


IH Input HIGH 54F 20.0 
= 2.7V 
Current 74F 5.0 pA Vin = 2.7 


IBvi Input HIGH Current = 54F 
Breakdown Test 


Ievit Input HIGH Current 
Breakdown (I/O) 


ICEX Output HIGH 
Leakage Current 74F 


Vip Input Leakage 
Test 





Vin = 7.0V 
(CEAB, OEBA, LEAB, 
LEBA, CEAB, CEBA) 


VIN = 5.5V (An, Bn) 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


lop Output Leakage A Viop = 150 mV 
Circuit Current i All Other Pins Grounded 
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DC Electrical Characteristics (Continued) 


Symbol Parameter sane Vec Conditions 
Min Typ Max 
lie Input LOW Current . Vin = 0.5V (OEAB, OEBA) 


Vin = 0.5V (CEAB, CEBA) 
li + loz | Output Leakage Current Vout = 2.7V (An Bn) 
lit + loze Output Leakage Current 


Vout = 0.5V (An, Bn) 
los Output Short-Circuit Current 


Vout = OV (An) 
VouT = OV (Bp) 

iz Vour = 5.25V (An, Bn) 

Icct Vo = HIGH 

loc. 83 

iooz 


Vo = LOW 
Vo = HIGH Z 
AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


o = 


Propagation Delay 
Transparent Mode 
Ay to By or By to Ap 


Propagation Delay 
LEBA to Aj 


Propagation Delay 
LEAB to Bh 


Output Enable Time 
OEBA or OEAB to Ap or Bn 


EBA or CEAB to Ay or By 


Cc 

Output Disable Time 

OEBA or OEAB to Ap or By 
or CEAB to Ay or By 


74F 
Ta = +25°C = ea = 
Parameter Veco = +5.0V Ta; Vec = Mil Tas Vcc = Com 


Setup Time, HIGH or LOW 
Ap or By to LEBA or LEAB 


Latch Enable, B to A 
Pulse Width, LOW 





Hold Time, HIGH or LOW 
Ap or By to LEBA or LEAB 





544 


ZA National 


Semiconductor 


54F/74F544 
Ocial Registered Transceiver 


General Description 


The ’F544 octal transceiver contains two sets of D-type 
latches for temporary storage of data flowing in either direc- 
tion. Separate Latch Enable and Output Enable inputs are 
provided for each register to permit independent control of 
inputting and outputting in either direction of data flow. The 
A outputs are guaranteed to sink 24 mA (20 mA Mil) while 
the B outputs are rated for 64 mA (48 mA Mil). The ’F544 
inverts data in both directions. 


Ordering Code: see Section 5 


Logic Symbols 


Pin Assignment for 
DIP, SOIC and Flatpak 


oon Om Ye Hw HE 


o 


TL/F/9555-2 


=~ 
nO — 


IEEE/IEC 


DEEP PE! pio 


TL/F/9555-1 


Features 

a 8-bit octal transceiver 

m Back-to-back registers for storage 

m Separate controls for data flow in each direction 

w A outputs sink 24 mA (20 mA Mil), B outputs sink 
64 mA (48 mA Mil) 

@ 300 mil slim PDIP 


Connection Diagrams 


Pin Assignment 
for LCC 


Ag Ag Ag NC Az Ay Ay 


HOB) 
BREE EE 





a8,0 0 ,8,8 
9) Bd 2) 22 BS 24 25) 
Bg Bs By NC Bs By By 


TL/F/9555-4 


TL/F/9555-3 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Pin Names Description 


A-to-B Output Enable Input (Active LOW) 1 
B-to-A Output Enable Input (Active LOW) 1 
A-to-B Enable Input (Active LOW) 1 
B-to-A Enable Input (Active LOW) 1 
A-to-B Latch Enable Input (Active LOW) 1 
B-to-A Latch Enable Input (Active LOW) 1 
A-to-B Data Inputs or 

B-to-A TRI-STATE Outputs 
B-to-A Data Inputs or 

A-to-B TRI-STATE Outputs 


Functional Description 


The 'F544 contains two sets of eight D-type latches, with 
separate input and output controls for each set. For data 
flow from A to B, for example, the A-to-B Enable (CEAB) 
input must be LOW in order to enter data from Ag-A7 or 
take data from Bo-By, as indicated in the Data !/O Control 
Table. With CEAB LOW, a LOW signal on the A-to-B Latch 
Enable (LEAB) input makes the A-to-B latches transparent; 
a subsequent LOW-to-HIGH transition of the LEAB signal 
puts the A latches in the storage mode and their outputs no 
longer change with the A inputs. With CEAB and OEAB both 
LOW, the TRI-STATE® B output buffers are active and re- 
flect the data present at the output of the A latches. Control 
of data flow from B to A is similar, but using the CEBA, 


LEBA and OEBA inputs. 


U.L. 
HIGH/LOW 


.0/1.0 
.0/1.0 
.0/2.0 
.0/2.0 
.0/1.0 
.0/1.0 
3.5/1.083 
150/40(33.3) 
3.5/1.083 
600/106.6(80)| ~ 12 mA/64 mA (48 mA) 
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Input Iry/Ipe 
Output Ion/lor 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/-0.6 mA 
70 pA/—650 pA 
—3 mA/24 mA (20 mA) 
70 pA/—650 pA 


Data I/O Control Table 


| inputs | Latch Status } Output Buffers 
CEAB LEAB OEAB 


High Z 


Latched 
Latched _ 
Transparent —_— 

— High Z 

—_ Driving 





= HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


A-to-B data flow shown; B-to-A flow control is the same, 
except using CEBA, LEBA and OEBA 





pps 
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Logic Diagram 


DETAIL Ax 7 


LEAB , 
TL/F/9555-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. ° 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 


Voc Pin Potential to 
Ground Pin 


Voltage Applied to Output 


Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) 


—0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0 mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Conditions 


Military 
Commercial 
Supply Voltage 
Military 
Commercial 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Parameter 


Vcc 


5 bal 
a 
sf 


Symbol! 


54F/74F 


Min Typ 


VIH Input HIGH Voltage 2.0 
VIL Input LOW Voltage 


Veo {nput Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Vou 


74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Voc 


an | 
74F 10% Voc 


Vv 
74F 10% Voc 


li Input HIGH 4F 20.0 A 
Current 4F 5.0 B 
F 
F 





5 
7 
IBvi Input HIGH Current 54 100 rm 
Breakdown Test 74F 7.0 4 
Input HIGH Current 4F ian 
Breakdown (I/O) 74 
Output HIGH “ §4F 250 A 
Leakage Current 74F 250 B 
Test 
lop Output Leakage 
Circuit Current 4P ate Me 


hi + lozH_| Output Leakage Current 
+ lozt_| Output Leakage Current p= 080 | wa _| Max | 


IBvit 


IcEX 
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Free Air Ambient Temperature 


in HIGH State (with Voc = OV) 


—0.5V to Vcc 
—0.5V to + 5.5V 


twice the rated lo. (mA) 


Recommended Operating 


— 55°C to + 125°C 
o°c to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA, 

(except An, By) 

lon = —1mA (A,) 

loH = —3mMA (An, Bn) 

lon = —12mA (Bp) 

loH = —1mA (A,) 

lOH = —3 mA (An: B,) 

lon = —15mA (Bp) 

loo = —1mA (A,) 

lon = —3mA (Ap, Br) 

lo = 20 mA (Ap) 

lo. = 48 mA (Bp) 

lo. = 24 mA (A,) 

lo. = 64 mA (Bp) 

Vin = 2.7V (except Ap, Bn) 


Vin = 7.0V (except Ap, Bp) 
VIN = 5.5V (An; Bn) 
Vout = Voc (An, Bn) 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (OEAB, OEBA) 
Vin = 0.5V (CEAB, CEBA) 


Vout = 2.7V (An; Bn) 
VouT = 0.5V (An, Bn) 
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DC Electrical Characteristics eo 


Output Short-Circuit Current pe Tepe Nias Vout = OV (An) 
—100 Vout = OV (Bp) 
0.0V 


ae 
 Powersuopycurent 08 | 
[Fone supncaren [as 


Vout = 5.25V (An, Bn) 





Ta = +25°C 
Parameter Vec = + 5.0V 
an a ee 50 pF 


Propagation Delay 
Transparent Mode 
Ay to By or By to Ap 


Propagation Delay ; 10.0 13.0 6.0 18.0 6.0 
LEBA to A, : 7.0 9.5 . 4.0 11.5 4.0 
Propagation Delay : 10.0 13.0 6.0 18.0 6.0 


LEAB to B, ' 7.0 9.5 4.0 11.5 4.0 
Output Enable Time 


OEBA or OEAB to A, or By 
CEBA or CEAB to A, or By 


Output Disable Time 
OEBA or OEAB to A, or By 
CEBA or CEAB to A, or By 


Ta = +25°C 


Parameter Vec = +5.0V 


Setup Time, HIGH or LOW 
A, or B, to LEBA or LEAB 


Hold Time, HIGH or mali 
Ap or B, to LEBA or LEAB 


Latch Enable, B toA 
Pulse Width, LOW 
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Semiconductor 


54F/74F545 Octal Bidirectional 
Transceiver with TRI-STATE® Outputs 


General Description 


The ’F545 is an 8-bit, TRI-STATE, high-speed transceiver. It 
provides bidirectional drive for bus-oriented microprocessor 
and digital communications systems. Straight through bidi- 
rectional transceivers are featured, with 24 mA (20 mA Mil) 
bus drive capability on the A ports and 64 mA (48 mA Mil) 
bus drive capability on the B ports. 

One input, Transmit/Receive (T/R) determines the direction 
of logic signals through the bidirectional transceiver. Trans- 
mit enables data from A ports to B ports; Receive enables 
data from B ports to A ports. The Output Enable input dis- 
ables both A and B ports by placing them in a TRI-STATE 
condition. 


Ordering Code: see Sections 
Logic Symbols 


Ag Ay Ag Ag Ay As Ag Az 


By By By Bs By Bs Bg By 





TL/F/9556-3 
IEEE/IEC 


oon OO me we = 


Pin Assignment for 
DIP, SOIC and Flatpak 


Features 

@ Higher drive than 8304 

m 8-bit bidirectional data flow reduces system package 
count 

g TRI-STATE inputs/outputs for interfacing with bus-ori- 
ented systems 

wm 24 mA (20 mA Mil) and 64 mA (48 mA Mil) bus drive 
capability on A and B ports, respectively 

m Transmit/Receive and Output Enable simplify control 
logic 

@ Guaranteed 4000V minimum ESD protection 

Pin for Pin compatible with Intel 8286 


Connection Diagrams 
Pin Assignment 
for LCC 


Az As As Ay As 
BHoObw 
ad bed hd et bet bs 





HERO 


TL/F/9556-2 


TL/F/9556-1 


Truth Table 


Bus B Data to Bus A 
Bus A Data to Bus B 


H = HIGH Voltage Level 

L = LOW Voltage Level 
_ X = Immaterial 

Z = High Impedance 


High Z 
Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


Description ULL. Input h/t 
HIGH/LOW Output Ion/loL 


Output Enable Input (Active LOW) 
Transmit/Receive Input 

Side A TRI-STATE Inputs or 
TRI-STATE Outputs 

Side B TRI-STATE Inputs or 
TRI-STATE Outputs 





1.0/2.0 
1.0/2.0 
3.5/1.083 
150/40 (33.3) 
3.5/1.083 
600/106.6 (80) 


54F/74F 


20 pA/—1.2 mA 


20 pA/—1.2 mA 
70 pA/—650 pA 

—3 mA/24 mA (20 mA) 
70 pA/—650 pA 

— 12 mA/64 mA (48 mA) 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to + 7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


Input HIGH Voltage : 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 

Voltage 54F 10% Voc 
54F 10% Vcc 
74F 10% Voc 
74F 10% Voc 
74F 10% Vcc 
74F 5% Voc 
74F 5% Voc 


54F 10% Voc 
54F 10% Voc 


VI 
VIL. 
Vcp 
VoH 


Output LOW 
Voltage 


74F 10% Voc 
74F 10% Voc 


54F 
74F 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Input HIGH Current 
Breakdown (I/O) 


Output HIGH 54F 
Leakage Current 74F 


Input Leakage 

Test 74F 4.75 
Output Leakage 

Circuit Current uae 

Input LOW Current 


liq + lozH | Output Leakage Current 
lit + loze Output Leakage Current 


los Output Short-Circuit Current 


54F 
74F 


54F 
74F 


—60 


54F/74F 
: Vcc 


Min Typ 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+4.5V to + 5.5V 


Conditions 
Max 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18 mA (OE, T/R) 


lon = —1mA (Ap) 
lon = —3 mA (Ap) 
lon = —12 mA (B,) 
lon = —1 mA (A,) 
lon = —3 mA (Ap) 
lon = —15 mA (Bp) 
lon = —1 mA (Ap) 
loo = —3 mA (An) 
loL = 20 mA (Ap) 
lo. = 48 mA (Bn) 
loc = 24 mA (Ap) 
loL = 64 mA (Bp) 
Vin = 2.7V (OE, T/R) 


Vin = 7.0V (OE, T/R) 


Vin = 5.5V (An; Bn) 


Vout = Voc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (OE, T/R) 
Vout = 2.7V (An; Bn) 
Vout = 9.5V (An; Bn) 


Vout = OV (Ap) 
Vout = OV (Bn) 


= = ae a ey ee 
EERE Lae 


: 


mA Max 


= 
> 


3 


Se 





DC Electrical Characteristics (continued) 


54F/74F 
Parameter 
7 


| BusDrainageTest | 50s] Vout = 5.25V 
95 120 
85 mA 


Conditions 


Power Supply Current p85 120 


Power Supply Current ee ee Vo = HIGH Z 


‘= Tas Vcc = Mil Ta; Voc = Com 
7 —a a 


Propagation Delay 2.5 
An to By or By to An 2. 


5 
Output Enable Time 3.0 
3.5 
Output Disable Time 3.0 
2.0 


Logic Diagram 





81 


TL/F/9556-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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ZA National 


Semiconductor 


54F/74F547 


Octal Decoder/Demultiplexer 


with Address Latches and Acknowledge 


General Description 


The ’F547 is a 3-to-8 line address decoder with latches for 
address storage. Designed primarily to simplify multiple chip 
selection in a microprocessor system, it contains one active 
LOW and two active HIGH Enables to conserve address 
space. Also included is an active LOW Acknowledge output 
that responds to either a Read or Write input signal when 
the Enables are active. 


Ordering Code: see Section 5 
Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


Op 0, 0 03 04 Os Og 07 
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oO 


TL/F/9557-4 


Features 

m@ 3-to-8 line address decoder 

gm Address storage latches 

m@ Multiple enables for address extension 
g Open collector acknowledge output 


Connection Diagrams 


Pin Assignment 
for LCC 


Og Ay Ag RD WR 
BOE 
Boa a 





4 © fe) 7 3) 
Ey E, LE Ap Oy 


TL/F/9557-3 


TL/F/9557-2 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Description 


Address Select Inputs 

Chip Enable Input (Active LOW) 

Chip Enable Inputs 

Latch Enable Input 

Read Acknowledge Input (Active LOW) 
Write Acknowledge Input (Active LOW) 


Open Collector Acknowledge Output (Active LOW) 


Decoded Outputs (Active LOW) 
*OC = Open Collector 


Functional Description 


When enabled, the ’F547 accepts the Ag—As Address in- 
puts and decodes them to select one of eight active LOW, 
mutually exclusive outputs, as shown in the Decoder Truth 
Table. With LE HIGH, the Address latches are transparent 
and the output selection changes each time the Ag-Ao ad- 
dress changes. When LE is LOW, the latches store the last 
valid address preceding the HIGH-to-LOW transition of the 
LE input signal. For applications in which the separation of 
latch enable and chip enable functions is not required, LE 
and E; can be tied together, such that when HIGH the out- 
puts are OFF and the latches are transparent, and when 
LOW the latches are storing and the selected output is en- 
abled. 

The open collector Acknowledge (ACK) output is normally 
HIGH (i.e., OFF) and goes LOW when Ej, Eo and Eg are all 
active and either the Read (RD) or Write (WR) input is LOW, 
as indicated in the Acknowledge Truth Table. 





54F/74F 


ULL. Input Iyy/tye 
HIGH/LOW | Output Ion/loL 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
*0C/33.3 
50/33.3 


20 pA/—0.6 mA 
20 pA/—0.6 mA 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
*OC/20 mA 
—1mA/20 mA 


Acknowledge Truth Table 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


3 


Latch Status Table 





Input LE Latch Status 
H Transparent 
L Storing 


Output Status Table 


On = LOWt 

Oo-07 = HIGH 
Oo-07 = HIGH 
Q9-07 = HIGH 





+See Decoder Truth Table 


Decoder Truth Table* 


Ol 
o 
ol 
Ol 
Ny 
Ol 
is) 
Ol 
~) 
Ol 
o 
Ol 
o 
Ol 
Ks 





L H 
H L 
H H 
H H 
H H 
H H 
H H 
H H 


*Assuming E,, LOW; Ez and E3, HIGH 


eos: 2 te, se 
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Logic Diagram 


Ay Ay Ag 


apaerit 


ACK 
TL/F/9557-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
{f Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
‘—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


ViH 
Vit 


2.0 


Output HIGH 
Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5%Voc 


54F 10% Voc 
74F 10% Voc 


54F 
74F 


eh 


VOH 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 

Leakage Current 

Input Leakage 74 
Test 

Output Leakage 

Circuit Current Cr 


Ie Input LOW Current 


Output Short-Circuit Current 


Open Collector, Output 
OFF Leakage Test 


Power Supply Current 


loHC 


loc 


54F/74F 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 58°C to + 125°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA (On) 
lon = —1mA (On) 
loo = —1mA (On) 


lo. = 20 mA (ACK, On) 
lo. = 20 mA (ACK, On) 


VIN = 2.7V 
Vin = 7.0V 


Vout = Vcc (On) 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV (On) 
Vout = Vcc (ACK) 


3/e |3 = = 
cb fs ets [> FEET 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
ae ea a = 50 pF 
Min | Min Typ Max _— 


Propagation Delay 7 : 7.0 
An to On 9.0 
Propagation Delay 6.5 
E; toO, 6.5 


Propagation Delay 7.5 
LE to Op, 14.5 


Propagation Delay 8.5 
Es or Ez to 0, 8.5 


Propagation Delay 11.0 
E,, RD or WR to ACK 7.5 


Propagation Delay 13.0 
Es or Eg to ACK 8.5 


Ta = tt 
Vec = +5.0V 


Setup Time, HIGH or LOW 
A, to LE 


Hold Time, HIGH or LOW 
An to LE 


LE Pulse Width, HIGH 


Max 


9.0 
12.0 


8.5 
8.5 


10.0 
14.0 


10.0 
10.0 


13.0 
9.5 


14.0 
12.0 
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Ta; Vec = Mil 
C. = 50 pF 


3.0 
5.0 


3.0 
3.5 


4.0 
5.0 


45 
4.5 


6.5 
3.5 


8.0 
5.0 


10.5 
13.5 


10.0 
10.0 


11.5 
20.0 


12.5 
12.5 


16.0 
11.0 


18.5 
12.5 


Ta; Vec = Com 
C_ = 50 pF 


1.5 
4.0 


2.0 
3.0 


3.0 
5.0 


3.0 
4.0 


6.5 
3.0 
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Semiconductor 


54F/74F548 
Octal Decoder/Demultiplexer with Acknowledge 


General Description Features 


The ’F548 is a 3-to-8 line address decoder with four Enable = 3-to-8 line address decoder 

inputs. Two of the Enables are Active LOW and two are’ m™ Multiple enables for address extension 
Active HIGH for maximum addressing versatility. Also pro- = Open collector acknowledge output 
vided is an Active LOW Acknowledge output that responds ~~ Active LOW decoder outputs 

to either a Read or Write input signal when the Enables are 

active. 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


Os, Ay Ag RO WR 
espe esc 


TL/F/9558-3 
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TL/F/9558-1 


TL/F/9558-5 


Unit Loading/Fan Out: see Section 2 for UL. definitions 


_ 54F/74F 
Description U.L. Input Iyy/Ii 
HIGH/LOW | Output Ion/lo. 


Output Select Address Inputs 0/1. 20 pA/—0.6 mA 
Chip Enable Inputs (Active LOW) 0/1. 20 pA/—0.6 mA 
Chip Enable Inputs 0/1. 20 pA/—0.6 mA 
Read Acknowledge Input (Active LOW) 0/1. 20 pA/—0.6 mA 
Write Acknowledge Input (Active LOW) 0/1, 20 pA/—0.6 mA 
Open Collector Acknowledge Output (Active LOW) | OC*/33.3 */20mA 

Decoded Outputs (Active LOW) ’ —1mA/20 mA 


*OC = Open Collector 
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Functional Description 


When enabled, the ’F548 accepts the Ag-Ao Address in- 
puts and decodes them to select one of eight active LOW, 
mutually exclusive outputs, as shown in the Decoder Truth 
Table. When one or more Enables is inactive, all decoder 
outputs are HIGH. Thus, the ’F548 can be used as a demul- 
tiplexer by applying data to one of the Enables. 

The open collector Acknowledge (ACK) output is normally 
HIGH (i.e., OFF) and goes LOW when the Enables are all 
active and either the Read (RD) or Write (WR) input is LOW, 
as indicated in the Acknowledge Truth Table. 


Acknowledge Truth Table 


mi 
mil 
x) 

m 
oo 

m 
ey 

a 
ie) 
| 
Ps) 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


Decoder Truth Table 


m 
o 
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xT KX 


2 a 


i Cae See RA 


Logic Diagram 


a 
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ACK 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—-0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin Input HIGH Voltage 
ViL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Vep 


Voltage 





Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 54F 
Leakage Current 74F 


Input Leakage 

Test 

Output Leakage 

Circuit Current aoe 
Input LOW Current 

Output Short-Circuit Current 


Open Collector, Output OFF 
Leakage Test 


54F 
74F 


loHC 


ICCH Power Supply Current 


54F/74F 


iw) 
°o 


NNN 
NO 
Rey DD ¢ 
ro) ° 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 
Max 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 

—1 mA (Op-O67) 

loo = —1mA (Op-07) 

lon = —1mA (Oo-67) 

lo. = 20mA 

lo. = 20mA 


Vin = 2.7V 


| 
—_ 
De) 


lon = 


Vin = 7.0V 


Vout = Vcc 


oi 
Oo 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = OV (Op-97) 
Vout = Vcc (ACK) 


3/1 = :~ = .~ 
als wie]s(<[s [5 [3 [< |< [lel & 


x 


Vo = HIGH 
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AC Electrical Characteristics: See Section 2 for Waveforms and Load Configurations 


Ta = +25°C 


Parameter Veco = +5.0V - ian “4 
Cy = 50 pF L P 


| Min typ Max | Min Max | Min Max _| 


Propagation Delay : ; 5.5 8.0 3.0 10.0 1.5 
Anto On 8.0 9.5 4.0 12.0 4.0 


Propagation Delay 6.5 8.5 3.0 10.0 2.0 
E, or Eo toO, 6.5 8.5 3.5 10.0 3.0 


Propagation Delay 4.0 8.5 9.5 5.0 13.0 3.0 
E3 or Eq to Op, 8.5 9.5 4.0 12.5 3.5 


Propagation Delay 11.0 12.5 6.5 16.5 6.5 
E, or Ep to ACK 7.5 9.5 3.0 11.0 3.0 


Propagation Delay 13.0 14.0 8.0 19.5 8.0 
Es or Eg to ACK i 8.5 10.0 4.0 13.0 4.0 


Propagation Delay 5.5 10.0 12.0 5.5 16.5 5.5 
RD or WR to ACK 2.5 5.0 8.0 25 8.5 25 
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LSGe0SS 


Octal Registered Transceiver with Status Flags 


General Description 


The ’F550 and ’F551 octal transceivers each contain two 8- 
bit registers for temporary storage of data flowing in either 
direction. Each register has its own clock pulse and clock 
enable inputs, as well as a flag flip-flop that is set automati- 
cally as the register is loaded. Each flag flip-flop is provided 
with a clear input, and each register has a separate output 
enable control for its TRI-STATE® buffers. The separate 
clocks, flags and enables provide considerable flexibility as 
1/O ports for demand-response data transfer. The ’F550 is 
non-inverting; the F551 inverts data in both directions. 


Ordering Code: see Section 5 
Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 
"F550 


1 

2 
3 
4 
5 
6 
7 
8 
9 


TL/F/9559-1 


wo aon DFO ek wD = 


TL/F/9559-8 
IEEE/IEC 





Features 

@ 8-bit bidirectional I/O port with handshake 
m Back-to-back registers for storage 

m™ Register status flag flip-flops 

m Separate edge-detecting clears for flags 
m Inverting and non-inverting versions 

m B outputs sink 64 mA (48 mA Mil) 


Pin Assignment 


TL/F/9559-2 


ao 
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Connection Diagrams (continued) 


F550 


TL/F/9559-10 : ; - TL/F/9559-11 


Ap Ay Ao Az Ag As Ag A 
crpa 0 F234 OS 6 7 
CFAB 


By By By Bz By Bs Bg By 


TL/F/9559-3 
TL/F/9559~7 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Pin Names 





54F/74F 


Description ULL. Input fyb 
HIGH/LOW Output Iox/lo 


A-to-B Clock Pulse Input (Active Rising Edge) 1.0/1.0 j 20 pA/—0.6 mA 
B-to-A Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
A-to-B Clock Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
B-to-A Clock Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 

A Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 

B Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
A-to-B Flag Clear Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
B-to-A Flag Clear input (Active Rising Edge) 1.0/1.0 20 pA/-0.6 mA 
A-to-B Data Inputs or 3.5/1.083 70 pA/—0.65 mA 
TRI-STATE B-to-A Outputs 150/40 (33.3) —3 mA/24 mA (20 mA) 
B-to-A Data Inputs or 3.5/1.083 70 pA/—0.65 mA 
TRI-STATE A-to-B Outputs 600/106.6 (80) _ —12 mA/64 mA (48 mA) 
A-to-B Status Flag Output (Active HIGH) 50/33.3 —1mA/20 mA 
B-to-A Status Flag Output (Active HIGH) 50/33.3 —1mA/20 mA 
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Functional Description 


Data applied to the A inputs is entered and stored on the 
rising edge of the A Clock Pulse (CPA), provided that the A 
Clock Enable (CEA) is LOW; simultaneously, the status flip- 
flop is set and the A-to-B flag (FAB) output goes HIGH. Data 
thus entered from the A inputs is present at the inputs to the 
B output buffers, but only appears on the B I/O pins when 
the B Output Enable (OEB) signal is made LOW. After the B 
output data is assimilated, the receiving system clears the 
A-to-B flag flip-flop by applying a LOW-to-HIGH tran- 


Logic Diagrams 


eo 
t DETAIL A 
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e 
Qo 
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D 
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sition to the CFAB input. Optionally, the OEB and CFAB 
pins can be tied together and operated by one function from 
the receiving system. 


Data flow from B-to-A proceeds in the same manner de- 
scribed for A-to-B flow. Inputs CEB and CPB enter the B 
input data and set the B-to-A flag (FBA) output HIGH. A 
LOW signal on OEA enables the A output buffers and a 
LOW-to-HIGH transition on CFBA clears the FBA flag. 
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TL/F/9559-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Logic Diagrams (Continued) 
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TL/F/9559-12 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 


Recommended Operating 
Conditions 


bSSe0SS 


Free Air Ambient Temperature 
Military 
Commercial 

Supply Voltage 
Military +4.5V to +5.5V 
Commercial + 4.5V to +5.5V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) 


—55°C to + 125°C 
o°c to + 70°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


twice the rated Io, (mA) 


DC Electrical Characteristics 


Symbol Parameter BSE/TAE Vcc 
Min Typ Max 


Input HIGH Voltage Cagis f° 4 ~= Ai) weal t. | Recognized as a HIGH Signal 
Input LOW Voltage as ss ee Recognized as a LOW Signal 
Input Clamp Diode Voltage Pte |v | in | ty = -18ma 


—1.2 

54F10% Vcc | 2.5 lon = —1 MA (Ap-A7) 
54F 10% Voc | 2.4 lon = —3mMA (Ap-A7) 
54F 10% Voc 2.0 loH = —12 mA (Bo-B7) 
74F 10% Voc 2.5 loH = —1 MA (Ap~A7) 
74F 10% Voc | 2.4 loH = —3 mA (Ap-A7) 
74F 10% Vcc | 2.0 lon = —15 mA (Bo-B7) 
74F 5% Voc 2.7 lon = —1mA (Ag-A7) 
2.7 lod = —3mA (Ap-A7) 
lo. = 20 mA (Ap-A7) 
lo. = 48 mA (Bo-B7) 
lo, = 24 mA (Ap-A7) 
lo. = 64 mA (Bo-B7) 


Vin = 2.7V (Non I/O Inputs) 


Conditions 


Output HIGH 
Voltage 


74F 5% Voc 


Output Low 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input HIGH Current 54F 
Breakdown Test 74F 
Input HIGH Current 54F 
Breakdown (I/O) 74F 


Output HIGH 54F 
Leakage Current 


74F 
Input Leakage 74F 
Test 
Output Leakage 4F 
lit Input LOW Current 


Ini + lozw_| Output Leakage Current p70 | BA | Max 
ln + lozt_| Output Leakage Current p= 050 | A | Max | 





Vin = 7.0V (Non I/O Inputs) 


Vin = 5.5V (An, Bn) 


Vout = Vcc 


4.75 lip = 1.9 pA 


All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (Non I/O Inputs) | 
Vout = 2.7V (Ag-A7, Bo-B7) 
Vout = 0.5V (Ap-A7, Bo-B7) 


lop 
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DC Electrical Characteristics (Continued) 


Output Short-Circuit Current 


Ta = +25°C 
Parameter Vec = +5.0V 
eae ae = 50 pF 


Propagation Delay 
CPA or CPB to B, or An . 


Propagation Delay 
CPA or CPB to FBA or FAB 


Vout = OV (Ap-A7) 
Vout = OV (Bo-B7) 


VouT = 5.25V 


Vo = HIGHZ 


Ta; Vcc = Mil 
CL = 50 pF 


Propagation Delay 
CFAB or CFBA to FAB or FBA 


Output Enable Time 
OEA or OEB to Ay or By : es a 


Output Disable Time 3.0 6.5 9.0 
OEA or OEB to Ay, or Br 2.5 5.5 7.5 


AC Operating ee See Section 2 for Waveforms 


Ta = +25°C 


P 
arameter Voc = +5.0V 


Ta; 


2.0 
3.0 
2.5 
2.0 


Vcc = Mil Ta, Vcc = Com 


Setup Time, HIGH or LOW 
An; Bn to CPA, CPB 


Hold Time, HIGH or LOW 
An, By to CPA, CPB 


Setup Time, HIGH or LOW 
CEA, CEB to CPA, CPB 
Hold Time, HIGH or LOW 
CEA, CEB to CPA, CPB 
Pulse Width, HIGH or LOW 
CPA or CPB 

Pulse Width, HIGH 

CFAB or CFBA 

Recovery Time 

CFAB, CFBA to CPA, CPB 
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ZA National 


Semiconductor 


54F/74F552 


Octal Registered Transceiver with Parity and Flags 


General Description 


The ’F552 octal transceiver contains two 8-bit registers for 
temporary storage of data flowing in either direction. Each 
register has its own clock pulse and clock enable input as 
well as a flag flip-flop that is set automatically as the register 
is loaded. The flag output will be reset when the output en- 
able returns to HIGH after reading the output port. Each 
register has a separate output enable control for its TRI- 
STATE® buffer. The separate Clocks, Flags, and Enables 
provide considerable flexibility as |/O ports for demand-re- 
sponse data transfer. When data is transferred from the A- 
port to the B-port, a parity bit is generated. On the 


Ordering Code: see Section 5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


B, By Bs B, By Bg By PARITY 
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other hand, when data is transferred from the B-port to the 
A-port, the parity of input data on Bop-B7 is checked. 


Features 

B 8-Bit bidirectional |/O Port with handshake 
@ Register status flag flip-flops 

Separate clock enable and output enable 
m Parity generation and parity check 

m@ B-outputs sink 64 mA 

@ TRI-STATE outputs 


Connection Diagrams 


Pin Assignment 
for LCC and PCC 


OEAS Ay Ay Az Az Ay As 


HoOBOOS 
Ce | 





cPs i] As 
CES 3) Ay 
GND (ZFS 
PARITY [15] [1] ERROR 
FR Voc 
Bo x 7 CER 


(3 BO aS 
By Bs By Bs Bg By OEBR 


TL/F/9561-3 


TL/F/9561-2 
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Unit Loading/Fan Out: see Section 2 for ULL. ee ee 


a 7. ae 
Description ULL. Input y/lie 
HIGH/LOW Output IoH/loL 


A-to-B Port Data Inputs or 

B-to-A TRI-STATE 

B-to-A Transceiver Inputs or 

A-to-B TRI-STATE Output 

B Port Flag Output 

A Port Flag Output 

Parity Bit Transceiver Input or Output 


Parity Check Output (Active LOW) 
R Registers Clock Enable Input (Active LOW) 
S Registers Clock Enable Input (Active LOW) 


R Registers Clock Pulse Input (Active Rising Edge) 
S Registers Clock Pulse Input (Active Rising Edge) 
B Port and PARITY Output Enable (Active LOW) 


and Clear FR Input (Active Rising Edge) 
A Port Output Enable (Active LOW) 
and Clear FS Input (Active Rising Edge) 


Functional Description 


Data applied to the A-inputs are entered and stored in the R 
register on the rising edge of the CPR Clock Pulse, provided 
that the Clock Enable (CER) is LOW; simultaneously, the 
status flip-flop is set and the flag (FR) output goes HIGH. As 
the Clock Enable (CER) returns to HIGH, the data will be 
held in the R register. These data entered from the A-inputs 
will appear at the B-port I/O pins after the Output Enable 
(OEBR) has gone LOW. When OEBR is LOW, a parity bit 
appears at the PARITY pin, which will be set HIGH when 
there is an even number of 1s or all Os at the Q outputs of 
the R register. After the data is assimilated, the receiving 
system clears the flag FR by changing the signal at the 
OEBR pin from LOW to HIGH. 


Data flow from B-to-A proceeds in the same manner de- 
scribed for A-to-B flow. A LOW at the CES pin and a LOW- 
to-HIGH transition at CPS pin enters the B-input data and 
the parity-input data into the S registers and the parity regis- 
ter respectively and set the flag output FS to HIGH. A LOW 
signal at the OEAS pin enables the A-port I/O pins and a 
LOW-to-HIGH transition of the OEAS signal clears the FS 
flag. When OEAS is LOW, the parity check output ERROR 
will be HIGH if there is an odd number of 1s at the Q outputs 
of the S registers and the parity register. The flag FS can be 
cleared by a LOW-to-HIGH transition of the OEAS signal. 


Register Function Table 
(Applies to R or S Register) 


Hold Data 
Load Data 
Keep Old Data 


H HIGH Voltage Level 

L LOW Voltage Level 

xX Immaterial 

~/ =LOW-to-HIGH Transition 

t = Not LOW-to-HIGH Transition 
NC = No Change 


3.5/1.083 
150/40 (33.3) 
3.5/1.083 
600/106.6 (80) 
50/33.3 
50/33.3 
3.5/1.083 
600/ 106.6 (50) 
50/33.3 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/2.0 


70 pA/—0.65 mA 
—3 mA/24 mA (20 mA) 
70 pA/—0.65 mA 
—12 mA/64 mA (48 mA) 
—~1mA/20 mA 
—1mA/20 mA 
70 pA/—0.65 mA 
—12 mA/64 mA (48 mA) 
—1mA/20 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 


1.0/2.0 20 pA/—1.2mA 


Output Control 


AorB 
—_ 


Disable Output 
Enable Output 


Enable Output 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 

High Impedance 


Flag Flip-Flop Function Table 
ee to R or S Flag Flip-Flop) 


toi oq 


Hold Flag 
Set Flag 
Clear Flag 





HIGH Voltage Level 

LOW Voltage Level 

Immaterial 

= LOW-to-HIGH Transition 
re = Not LOW-to-HIGH Transition 


NC = No Change 





Functional Description 


Parity Generation Function 
Number of HIGHSs in the F 
Q Outputs of the R Register Rarity Output 
X Z 
0, 2, 4, 6, 8 H 
1,3, 5,7 L 


W Voltage Level 
material 
igh Impedance 


Block Diagram 


PARITY 
GENERATION 
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Parity Check Function 


Number of HIGHs in 
the Q Outputs of 
the S Register 


X 
0, 2,4,6,8 
1,3,5,7 
0, 2,4,6,8 
1,3, 5,7 


IGH Voltage Level 
W Voltage Level 
mmaterial 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Vin Input HIGH Voltage 


Input Clamp Diode Voltage ° 


54F/74F 
Min Typ Max 


Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions . 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


Ne S| Recognized as a HIGH Signal 


Recognized as a LOW Signal 


—55°C to + 125°C 
0°C to +70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Vi Input LOW Voltage rt | 
2.5 


IH 
IBvi 
IBvit 


Icex 


Output HIGH 
Voltage 


Output LOW 
Voltage 


Input HIGH 
Current 


54F 10% Voc 
54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 


74F 5% Voc 
74F 5% Voc 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 





Input HIGH Current 54F 


Breakdown Test 


Input HIGH Current 
Breakdown (I/O) 


Output HIGH 


Leakage Current 


Input Leakage 74F 
Test 
74F 


74F 


54F : 
74F 


54F 
74F 


100 
7.0 
1.0 
0.5 
250 
50 


Output Leakage 
Circuit Current 3.75 


Input LOW Current 


v_| Min | 
+ 
BE 


ag 


lin = —18 mA (CER, CES, CPR, CPS, OEBR, OEAS) 


lon = —1mA (FR, FS, ERROR, A,,) 
lou = —3MA (Ap, Br, PARITY) 

lo = —12 mA (Bp, PARITY) 

low = ~1mA (FR, FS, ERROR, A,) 
lou = —3 MA (Ap, Bp PARITY) 

lon = —15 mA (Bp, PARITY) 

lon = —1mA (FR, FS, ERROR, A,) 
lon = —3 MA (An, Br, PARITY) 


lo. = 20 mA (FR, FS, ERROR, A,) 
lo. = 48 mA (Bp, PARITY) 

lo. = 20 mA (FR, FS, ERROR) 
lo. = 24 mA (Ap) 

lo. = 64 mA (Bp, PARITY) 


Vin = 7.0V (CER, 


ae BO || Vin = 2.7V (GER, CES, CPR, CPS, OEBA, OEAS) 
74F 5.0 
CE 


S, CPR, CPS, OEBR, OEAS) 
Vin = 5.5V (An, Bp, PARITY) 


Vout = Vec (FR, FS, ERROR, A, Bp, PARITY) 


lip = 1.9 pA 

All other pins grounded 
Viop = 150 mV 

All other pins grounded 


Vin = 0.5V (CER, CES, CPR, CPS) 
Vin = 0.5V (OEBR, OEAS) 


li + lozH | Output Leakage Current fF 70 | pa | Max | Vout = 2.7V (An, Bn, PARITY) 


lit + lozL | Output Leakage Current 


Output Short- 
Circuit Current 


Bus Drainage Test 


\z2 

IocH 
loc 
Iocz 


Power Supply Current 


10 
10 


pA 
A 
pA 
pA 
A 
A 


m 
m. 

|p wA | Max 
m 


Vout = 0.5V (An, Bn, PARITY) 


Vout = OV (FR, FS, ERROR, A,) 
Vout = OV (Bp, PARITY) 


Vout = 5.25V (An, Bn; PARITY) 
Power Supply Current 0 150 | mA | Max | Vo = HIGH 


o 150 | mA | Max | Vo = LOW 


Power Supply Current ' 4110 165 | mA | Max | Vo = HIGHZ 
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AC Electrical Characteristics: see Section 2 tor Waveforms and oad Configurations 


Ta = +25°C 


Parameter Vec = +5.0V 


Propagation Delay 3 

CPS or CPR to Ap, or Bn 4.0 

Propagation Delay 3.0 

CPS or CPR to FS or FR , 

Propagation Delay 

OEAS to FS 3.5 6.0 8.0 
Propagation Delay 8.0 14.0 18.0 
CPR to Parity 8.5 14.5 18.5 
Propagation Delay 8.0 13.5 17.5 
CPS to ERROR 7.5 13.0 16.5 


Propagation Delay 3.5 6.0 8.0 
OEAS to ERROR 3.0 5.0 7.0 


Enable Time OEAS 3.0 5.5 7.5 
or OEBR to By, or A, 3.5 7.0 9.5 
3.0 


Disable Time OEAS 6.5 8.5 
or OEBR to By or An 3.0 5.5 7.5 


Enable Time 3.0 4.5 75 
OEBR to Parity 3.5 6.0 9.5 
Disable Time 3.0 5.5 8.5 
OEBR to Parity 3.0 6.5 7.5 


Tas Vcc = Mil 


AC Operating Requirements: see Section 2 for Waveforms 


Parameter 


Setup Time, HIGH or LOW 
An OF By or Parity 
to CPS or CPR 


Hold Time, HIGH or LOW 


7.5 
4.5 


An or By or Parity 
to CPS or CPR 


Setup, Time HIGH or LOW 6.0 
CES or CER to CPS or CPR 10.0 
6 


Hold Time, HIGH or LOW 

CES or CER to CPS or CPR 

Pulse Width, HIGH or LOW 4.0 
CPS or CPR .0 
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ee 7 ae eee eee 


F 
Ta = +25°C ao 
Voc = +5.0V Tas Vec = Mil 


Ta, Vcc = Com 


7.0 20.0 
7.5 20.5 
7.0 19.5 
6.5 18.5 
3.0 9 
5 8 
5 8 
0 
2.5 


2 
2 
3 10.5 


5 
A) 
0 
5 
9.5 


Ta, Vcc = Com 


8.5 
5.0 


7.0 
11.5 
4.5 
7.0 
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Semiconductor 


54F/74F563 
Octal D-Type Latch with TRI-STATE® Outputs 


General Description Features 


The 'F563 is a high-speed octal latch with buffered common _‘™ Inputs and outputs on opposite sides of package 
Latch Enable (LE) and buffered common Qu Enable allowing easy interface with microprocessors 
(OE) inputs. g@ Useful as input or output port for microprocessors 


This device is functionally identical to the °F573, but has _™ Functionally identical to F573 
inverted outputs. 


Ordering Code: see Section 5 
Logic Symbols Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


Do Dy Dy Dz Dy Dg Dg 07 he Dg Ds Dy Dz Dp 
BONA 
BREE 
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Unit Loading/Fan Out: see section 2 for ULL. sem 


| sarv74F 
Description ULL. Input ha/ 
HIGH/LOW Output Ion/loL 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Latch Enable Input (Active HIGH) 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Output Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Latch Outputs 150/40 (33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


The 'F563 contains eight D-type latches with TRI-STATE 
output buffers. When the Latch Enable (LE) input is HIGH, 
data on the D, inputs enters the latches. In this condition 
the latches are transparent, i.e., a latch output will change 
state each time its D input changes. When LE is LOW the 
latches store the information that was present on the D in- 
puts a setup time preceding the HIGH-to-LOW transition of 
LE. The TRI-STATE buffers are controlled by the Output 
Enable (OE) input. When OE is LOW, the buffers are in the 
bi-state mode. When OE is HIGH the buffers are in the high 
impedance mode but this does not interfere with entering 
new data into the latches. 


Logic Diagram 
Do 


Function Table 


| 
m 
mi 


xrmex«KoierxK]|o 


High Z 

High Z 

High Z 
Latched 
Transparent 
Transparent 
Latched 


man nei ass COD Ceaeee Cas 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 
NC = No Change 


TL/F/9562-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature " —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage 


ViH 
VIL 


Input Clamp Diode Voltage 


Output HIGH 
Voltage 


Vep 
VOH 54F 10% Voc 
54F 10% Voc 


74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Output HIGH 54F 
Leakage Current 74F 


Input Leakage 
Test 


a cd CD 
Circuit Current 

J InputLowcurent |= 0.6 | mA | Max | 
| Output Leakage Curent | 80 A | Max | 
| OutputLeakage Curent | 80 | A | Max | 
| Output Shor-Circuit Current | 60150 | mA _| Max 
p50 |_| ov 
| ot | mA | Mx | 
| Powersupply Curent |_| mA Max | 


Bus Drainage Test 


Power Supply Current 


| Min Typ Max _| 
Finputowvorage | 
2.5 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 


Recognized as a LOW Signal 


V In = —18mA 


lon = —1mA 
lon = —3mA 
lon = —1mA 
lon = ~3MA 
lon = —1imA 
loo = —3mA 


lol = 20mA 
lo. = 24mA 


VIN = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
VouT = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = 5.25V 
Vo = LOW 
Vo = HIGHZ 


= 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
ee TS = 50 pF 


Propagation Delay : 3.0 
Dy to On : 2.0 


Propagation Delay : 4.0 
LE to On G . : 2.5 


Output Enable Time 2.0 7.5 4 : 2.0 
8.5 : . 1.5 


Output Disable Time 1.5 5.5 j i 1.5 
5.5 j ; 1.5 


Ta: Vec = Mil 
CL = 50 pF 


AC Operating hail bg See Section 2 for Waveforms 


Ce 7 ee 


Ta = +25° 
Am ee Ta, Vec = Mil Ta; Voc = Com 


Parameter — 70 ant = +50V 


Setup Time, HIGH or LOW 
Dp to LE 


Hold Time, HIGH or LOW ; 3.0 
D, to LE 3.0 3.0 


3.0 
LePusewiath HGH | 40 | aot | ns _| 
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564 


ZA National 


Semiconductor 


54F/74F564 


Octal D-Type Flip-Flop with TRI-STATE® Outputs 


General Description 


The 'F564 is a high-speed, low power octal flip-flop with a 
buffered common Clock (CP) and a buffered common Out- 
put Enable (OE). The information presented to the D inputs 
is sorted in the flip-flops on the LOW-to-HIGH Clock (CP) 
transition. 

This device is functionally identical to the 'F574, but has 
inverted outputs. 


Ordering Code: see Section 5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


Dg Dy Dy Ds Dy D5 Dg Dy 


TL/F/9563-3 


IEEE/IEC 


oon omar wand =~ 


Oo 


TL/F/9563-6 


Features 

@ Inputs and outputs on opposite sides of package allow 
easy interface with microprocessors 

@ Useful as input or output port for microprocessors 

m@ Functionally identical to 'F574 

g TRI-STATE outputs for bus-oriented applications 


Connection Diagrams 


Pin Assignment 
for LCC 


05 04 03 02 0; 


TL/F/9563-2 


TL/F/9563~-1 


Unit Loading/Fan Out: see Section 2 for U.L. ee 


a ee 
Description ULL. Input Iiy/hb 
HIGH/LOW Output lon/lot 


Data Inputs 

Clock Pulse Input (Active Rising Edge) 
TRI-STATE Output Enable Input (Active LOW) 
TRI-STATE Outputs 





1.0/1.0 
1.0/1.0 
1.0/1.0 

150/40 (33.3) 


20 pA/—0.6 mA 

20 pA/—0.6 mA 

20 pA/—0.6 mA 
—3 mA/24 mA (20 mA) 
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Functional Description 


The 'F564 consists of eight edge-triggered flip-flops with in- Function Table 
dividual D-type inputs and TRI-STATE true outputs. The 
buffered clock and buffered Output Enable are common to 
all flip-flops. The eight flip-flops will store the state of their 
individual D inputs that meet the setup and hold times re- 
quirements on the LOW-to-HIGH Clock (CP) transition. With 
the Output Enable (OE) LOW, the contents of the eight flip- 
flops are available at the outputs. When OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. 


Hold 
Hold 
Load 


Load 

Data Available 
Data Available 

No Change in Data 
No Change in Data 


le acl cai CRESS Oe Rr 





H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

Z = High Impedance 

~ = LOW-to-HIGH Transition 
NC = No Change 


Logic Diagram 


TL/F/9563-4 
. Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to + 5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Min Typ Max 
2.5 


VIH 
ViL 


Input HIGH Voltage 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 

Voltage 54F 10% Voc 
74F% 10% Voc 
74F% 10% Voc 
74F% 5% Voc 
T4F% 5% Voc 


54F 10% Vcc 
74F 10% Voc 


54F 
74F 


54F 
74F 


54F 
74F 


Vep 
VoH 


Output LOW 


Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 


Test el 


Output Leakage 
Circuit Current 


Input LOW Current 


74F 


Output Leakage Current 
Output Leakage Current 
Output Short-Circuit Current 
Bus Drainage Test 


Power Supply Current 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Vcc Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
in = —18mA 

lon = —1mA 

lon = —~3mMA 

lon = —1mA 

lon = —3MA 

lon = —1imA 

lon = —3mA 

lo. = 20mA 

lol = 24mA 


Vin = 2.7V 


Vv 
Vv 
Vv 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = OV 
Vout = 5.25V 
Vo = HIGHZ 


= = = = 


= 
° 
< 


et I3 le le ]3 
BBR B EE 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 


Parameter Vec = +5.0V Ta, Vec = Mil 


C_ = 50 pF 


Min Typ Max | Min Max | Min Max_ 
Maximum@lock Frequency | too |g | 70M 
2.5 9.5 2.5 8.5 


Propagation Delay 2. 5.2 8.5 
CP to O7 2. 


5.9 8.5 2.5 9.5 2.6 8.5 


3.4 5.5 1.5 7.0 1.5 
2.7 5.5 1.5 7.0 1.5 


6.5 
6 


5 

5 
Output Enable Time 3.0 5.6 9.0 2.5 10.5 2.5 10.0 
3.0 6.2 9.0 2.5 10.5 2.5 10.0 

i 1.5 
1.5 5 


Output Disable Time 


AC Operating Requirements: See Section 2 for Waveforms 


Ta = +25°C oe 
Parameter Veo = +5.0V Ta; Vcc = Mil 


Setup Time, HIGH or LOW 2.0 
Dn to CP 


Hold Time, HIGH or LOW 
Dr to CP 


CP Pulse Width 
HIGH or LOW 
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ZA National ; 


Semiconductor . 


54F/74F568 ¢ 54F/74F569 


4-Bit Bidirectional Counters with TRI-STATE® Outputs 


General Description 


The ’F568 and ’F569 are fully synchronous, reversible coun- 
ters with TRI-STATE outputs. The F568 is a BCD decade 
counter; the 'F569 is a binary counter. They feature preset 
capability for programmable operation, carry lookahead for 
easy cascading, and a U/D input to control the direction of 
counting. For maximum flexibility there are both synchro- 
nous and master asynchronous reset inputs as well as both 
Clocked Carry (CC) and Terminal Count (TC) outputs. All 
state changes except Master Reset are initiated by the ris- 
ing edge of the clock. A HIGH signal on the Output Enable 


Ordering Code: see Sections 


Logic Symbols 


IEEE/IEC 


pe Po Py Po Ps 


TL/F/9565-1 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


oan 7m OO mem WH 


TL/F/9565-2 


(OE) input forces the output buffers into the high impedance 
state but does not prevent counting, resetting or parallel 
loading. 


Features 

m Synchronous counting and loading 

m Lookahead carry capability for easy cascading 
m Preset capability for programmable operation 
m= TRI-STATE outputs for bus organized systems 


IEEE/IEC 


1,7 (cT=15) 69 P 
2,7 (cT=0) 69 P 


TL/F/9565-4 TL/F/9565-11 


Pin Assignment 
for LCC 
MR CEP Pz Pa P, 
Baw 
ann 8 





TL/F/9565-3 
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Unit Loading/Fan Out: see section 2 ee oy L. definitions 


| sarv7aF 
Description ULL. Input Ity/fe 
HIGH/LOW Output Ion/loL 


Paralle! Data Inputs 

Count Enable Parallel Input (Active LOW) 
Count Enable Trickle Input (Active LOW) 
Clock Pulse Input (Active Rising Edge) 
Parallel Enable Input (Active LOW) 
Up/Down Count Control Input 

Output Enable Input (Active LOW) 
Master Reset Input (Active LOW) 
Synchronous Reset Input (Active LOW) 
TRI-STATE Parallel Data Outputs 
Terminal Count Output (Active LOW) 
Clocked Carry Output (Active LOW) 


Functional Description 


The ’F568 counts modulo-10 in the BCD (8421) sequence. 
From state 9 (HLLH) it wilt increment to 0 (LLLL) in the Up 
mode; in Down mode it will decrement from 0 to 9. The 
‘F569 counts in the modulo-16 binary sequence. From state 
15 it will increment to state 0 in the Up mode; in the Down 
mode it will decrement from 0 to 15. The clock inputs of all 
flip-flops are driven in parallel through a clock buffer. All 
state changes (except due to Master Reset) occurs syn- 
chronously with the LOW-to-HIGH transition of the Clock 
Pulse (CP) input signal. 

The circuits have five fundamental modes of operation, in 
order of precedence: asynchronous reset, synchronous re- 
set, parallel load, count and hold. Five control inouts—Mas- 
ter Reset (MR), Synchronous Reset (SR), Parallel Enable 
(PE), Count Enable Parallel (CEP) and Count Enable Trickle 
CET)—plus the Up/Down (U/D) input, determine the mode 
of operation, as shown in the Mode Select Table. A LOW 
signal on MR overrides all other inputs and asynchronously 
forces the flip-flop Q outputs LOW. A LOW signal on SR 
overrides counting and parallel loading and allows the Q 
outputs to go LOW on the next rising edge of CP. A LOW 
signal on PE overrides counting and allows information on 
the Parallel Data (P,) inputs to be loaded into the flip-flops 
on the next rising edge of CP. With MR, SR and PE HIGH, 
CEP and CET permit counting when both are LOW. Con- 
versely, a HIGH signal on either CEP or CET inhibits count- 
ing. 

The ’F568 and 'F§69 use edge-triggered flip-flops and 
changing the SR, PE, CEP, CET or U/D inputs when the CP 
is in either state does not cause errors, provided that the 
recommended setup and hold times, with respect to the ris- 
ing edge of CP, are observed. 


Two types of outputs are provided as overflow/underflow 
indicators. The Terminal Count (TC) output is normally HIGH 
and goes LOW providing CET is LOW, when the 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
150/40(33.3) 
50/33.3 
50/33.3 
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20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 
20 pA/-—0.6 mA 
20 pA/-1.2 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/-—0.6 mA 
20 pA/—0.6 mA 
—3 mA/24 mA (20 mA) 
—1mA/20 mA 
—1mA/20 mA 


counter reaches zero in the Down mode, or reaches maxi- 
mum (9 for the ’F568, 15 for the ’F569) in the Up mode. TC 
will then remain LOW until a state change occurs, whether 
by counting or presetting, or until U/D or CET is changed. 
To implement synchronous multistage counters, the con- 
nections between the TC output and the CEP and CET in- 
puts can provide either slow or fast carry propagation. 


Figure 1 shows the connections for simple ripple carry, in 
which the clock period must be longer than the CP to TC 
delay of the first stage, plus the cumulative CET to TC de- 
lays of the intermediate stages, plus the CET to CP setup 
time of the last stage. This total delay plus setup time sets 
the upper limit on clock frequency. For faster clock rates, 
the carry lookahead connections shown in Figure 2 are rec- 
ommended. In this scheme the ripple delay through the in- 


termediate stages commences with the same clock that 


causes the first stage to tick over from max to min in the Up 
mode, or min to max in the Down mode, to start its final 
cycle. Since this final cycle takes 10 (’F568) or 16 (’F569) 
clocks to complete, there is plenty of time for the ripple to 
progress through the intermediate stages. The critical timing 
that limits the clock period is the CP to TC delay of the first 
stage plus the CEP to CP setup time of the last stage. The 
TC output is subject to decoding spikes due to internal race 
conditions and is therefore not recommended for use as a 
clock or asynchronous reset for flip-flops, registers or coun- 
ters. For such applications, the Clocked Carry (CC) output is 
provided. The CC output is normally HIGH. When CEP, CET, 
and TC are LOW, the CC output will go LOW when the clock 
next goes LOW and will stay LOW until the clock goes HIGH 
again, as shown in the CC Truth Table. When the Output 
Enable (OE) is LOW, the parallel data outputs O9-O3 are 
active and follow the flip-flop Q outputs. A HIGH signal on 
OE forces Op-O3 to the High Z state but does not prevent 
counting, loading or resetting. 
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Logic Equations 

Count Enable = CEP e CET © PE ence 

Up ('F568): TC = Qo © Qy © Go © Qy (Up) © CET 
(F569): TC = Qo # Qy * Qo © Qg ® (Up) © CET 

Down (Both): TC = Qo © Q; ¢ Qo ¢ Q3 © (Down) ¢ CET 


CC Truth Table 


*TC is generated internally 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

“LF = HIGH-to-LOW-to-HIGH Clock Transition 


Mode Select Table 


Operating 
Mode 


Asynchronous Reset 
Synchronous Reset 
Parallel Load 


Hold 

Hold 

Count Up 
Count Down 


H=HIGH Voltage Level 
L=LOW Voltage Level 
X=Immaterial 


TO ALL STAGES 


FIGURE 1: Multistage Counter with Ripple Carry 


TO ALL STAGES 


FIGURE 2: Multistage Counter with Lookahead Carry 
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TL/F/9565-5 


TL/F/9565-6 





State Diagrams 


--~-* COUNT DOWN 
——> COUNT UP 


TL/F/9565-7 
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----* COUNT DOWN 
——> COUNT UP 


TL/F/9565-8 
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"F568 
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Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) Recommended Operating 
If Military/Aerospace specified devices are required, Conditions 
lease contact the National Semiconductor Sales . ; 
Otfice/ Distributors for availability and specifications. se aaa Jemperaire 55°C to +125°C 
Storage Temperature -65°C to + 150°C Commercial! 0°C to +70°C 
Ambient Temperature under Bias —§5°C to + 125°C Supply Voltage 
Junction Temperature under Bias —55°C to + 175°C Military +4,5V to +5.5V 
Voc Pin Potential to Commercial +4.5V to +5.5V 
Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0mA — 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output —0.5V to Vcc 
TRI-STATE Output —0.5V to + 5.5V 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical cece 


Symbol Parameter | saryrar | Vec Conditions 
Min Cae Max 


|InputHIGH Voltage si HIGH Voltage |__| Recognized as a HIGH Signal 


‘a Input LOW Voltage oP Recognized as a LOW Signal 
Vop Input Clamp Diode Voltage p—_——__=t2} VI Min IN = —18mA 


VoH Output HIGH 54F 10% Voc lon = —1mA (TC, CC, O,) 
Voltage 54F 10% Vcc |} 2. log = ~3mA (O,) 

74F 10% Voco : lon = —1mA (TC, CC, On) 
74F 10% Voc : lon = —3 mA (O,) 

74F 5% Voc ; lon = —1mA (TC, CC, O,) 
74F 5% Voc lon = —3 mA (O,) 


Output LOW 54F 10% Voc lo. = 20 mA (TC, CC, O,) 
Voltage 74F 10% Voc lo. = 20 mA (TC, CC) 
74F 10% Voc lo. = 24 mA (O,) 
Input HIGH me VIN = 2.7V 
ee [eh 
Input HIGH Current oe 100 Vin = 7.0V 
Breakdown Test 7.0 
Output HIGH 250 A | Max Vout = Voc (TC, CC, On) 
Leakage Current an 50 
Input Leakage lip = 1.9 pA 
Output Leakage Viop = 150 mV 
Circuit Current aa 75] aa | 00 | All Other Pins Grounded 
Hie Input LOW Current mA Vin = 0.5V (Pp, CEP, CP, U/D, OE, MR, SR) 
mA Vin = 0.5V (PE, CET) 
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DC Electrical Characteristic (Continued) 


Symbol! 


lOoZH 
loz 


Parameter 


Output Leakage Current 
Output Leakage Current 
Output Short-Circuit Current 


54F/74F 


69Se89S 


Conditions 


Vout = 2.7V (On) 
Vout = 0.5V (On) 
Vout = OV (TC, CC, O,) 


Vout = 5.25V (Op) 


Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


lz2 Bus Drainage Test 


Min T 
—60 


ICCH Power Supply Current 
mA 
mA 


yp Max 
45 67 
45 67 
45 67 


IocL Power Supply Current 
locz Power Supply Current 


"F568 
AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Vec = +5.0V 


Min Typ M 


Maximum Clock Frequency 100 115 


Ta; Vec = Mil 
Parameter peti 


Propagation Delay 3.0 6.5 
CP to Op, (PE HIGH or LOW) 4.0 9.0 | 


Propagation Delay 5.5 12.0 
CP to TC 4.0 - 85 


Propagation Delay 2.5 4.5 
CET to TC 2.5 6.0 


Propagation Delay 3.5 8.5 
U/D to TC 4.0 12.5 


Propagation Delay 2.5 5.5 
CP to CC 2.0 4.5 


Propagation Delay 2.5 5.0 
CEP, CET to CC 4.0 8.5 


Propagation Delay 
me oe is 


Output Enable Time : 5.5 
OE to O, : 6.0 


Output Disable Time F 5.0 
4.5 
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"F568 
AC Operating sie laa See Section 2 for Waveforms 


Ta= +256 Ta, Vec = Mil Ta, Voc = Com . 


Symbol Parameter 





ts(H) | Setup Time, HIGH or LOW 4.0 
t.(L) P, to CP 4.0 
th(H) Hold Time, HIGH or LOW 
th(L) Py, to CP 

ts(H) Setup Time, HIGH or LOW 
t.(L) CEP or CET to CP 

th(H) Hold Time, HIGH or LOW 
th(L) CEP or CET to CP 

t,(H) Setup Time, HIGH or LOW 
ts(L) PE to CP 


th(H) Hold Time, HIGH or LOW 
ty(L) © PE to CP 


ts(H) Setup Time, HIGH or LOW 11.0 
ts(L) U/D to CP 16.0 


th(H) Hold Time, HIGH or LOW 
th(L) U/D to CP 


2/23 |) 


- te(H) Setup Time, HIGH or LOW 10.5 
t.(L) SR to CP 9.5 


th(H) Hold Time, HIGH or LOW 

th(L) SR to CP 

tw(H) CP Pulse Width, 4.5 

ty(L) HIGH or LOW Bs 6.5 

w(t) |W Pulse With LOW ene eee ae 
tec | MARecoveyTime | 60 | | ts 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Maximum Clock Frequency 
Propagation Delay 

CP to O, (PE HIGH or LOW) 
Propagation Delay 

CP to TC 


6.5 
9.0 


12.0 
8.5 


8.5 
8.0 


5.5 
4.5 


5.0 


Propagation Delay 
U/D to TC 
Propagation Delay 
CP to CC 


Propagation Delay 


3.0 

4.0 

i 5.5 

4.0 
Propagation Delay 2.5 4.5 
CET to TC 2.5 6.0 

i 3.5 

4.0 

2.5 

2.0 

2.5 


CEP, CET to CC 


4.0 8.5 
Propagation Delay 
MR to Op 5.0 10.0 13.0 
5 8.0 


5.0 
4.5 


Output Disable Time 


OE to On 


Output Enable Time 25 5. 
OE to O7 3.0 6.0 
1.5 
2.0 


Ta = +25°C ; 
Parameter Vcc = +5.0V 
C, = 50 pF 
Min Typ Max 


Tas Voc = Mil Tas Voc = Com 
C. = 50 pF 


8.5 
11.5 


15.5 
12.5 


6.5 
11.0 


11.5 
12.0 


7.0 
6.0 


6.5 
11.0 


9.0 


7.0 
6.0 
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"F569 
AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C : 
‘ = T ; V = 
Symbol Parameter Veo = +5.0V Ta, Voc = Mil A» Vcc = Com 


ts(H) Setup Time, HIGH or LOW 4 
t(L) P, to CP 4 
7 
5 


.0 

0 

th(H) Hold Time, HIGH or LOW 

th(L) P, to CP 

ts(H) Setup Time, HIGH or LOW 0 

t,(L) CEP or CET to CP 0 
0 
0 
5 


8.0 
6.5 


th(H) Hold Time, HIGH or LOW 

ty(L) CEP or CET to CP 

ts(H) Setup Time, HIGH or LOW 8 

tg(L) PE to CP 8 

th(H) Hold Time, HIGH or LOW ; 
ty(L) PE to CP 0 
ts(H) Setup Time, HIGH or LOW 11.0 12.5 
ts(L) U/D to CP 7.0 : 
th(H) Hold Time, HIGH or LOW 

th(L) U/D to CP 

t,(H) Setup Time, HIGH or LOW 10.5 
ts(L) SR to CP 8. 
ty(H) Hold Time, HiGH or LOW 
th(L) SR to CP 
tw(H) CP Pulse Width, . 
tw(L) HIGH or LOW j 
twit) | WAPusewidtrcow | 45 | 
treo__| MARecoveyTime | 60 | 


11.0 © 


© fee) =~ 10 © 
a oa o}1]o°o 


p 
on) 


fee) 
oO 


PS 
oa 


Nf 
oo 
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54F/74F573 


Octal D-Type Latch with TRI-STATE® Outputs 


General Description 

The ’F573 is a high speed octal latch with buffered common 
Latch Enable (LE) and buffered common Output Enable 
(OE) inputs. 

This device is functionally identical to the ’F373 but has 
different pinouts. 


Ordering Code: see sections 
Logic Symbol 


Pin Assignment for 
DIP, SOIC and Flatpak 


Dy D, Dy Dx Dy Ds Dg Dy 


0; O2 03 04 Os Og 07 





TL/F/9566-1 


IEEE/IEC 


oon DOO & WH = 


—_ 
°o 


TL/F/9566-4 


Features 

g Inputs and outputs on opposite sides of package 
allowing easy interface with microprocessors 

m Useful as input or output port for microprocessors 

m Functionally identical to F373 

@ TRI-STATE outputs for bus interfacing 

@ Guaranteed 4000V minimum ESD protection 


Connection Diagrams 


Pin Assignment 
for LCC 


Dg Ds Dy Ds D2 
BOE 
Heeses 





Os, 0, 0; 0 0, 


TL/F/9566-3 


TL/F/9566-2 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


Description 


Do-D7 
LE Latch Enable Input (Active HIGH) 
OE TRI-STATE Output Enable Input 
(Active LOW) 

TRI-STATE Latch Outputs 


Data Inputs 


Oo-07 





150/40(33.3) 


54F/74F 


U.L. 
HIGH/LOW 
1.0/1.0 


1.0/1.0 
1.0/1.0 


Input tiy/Iie 
Output lon/loL 


20 pA/—0.6 mA 
20 pA/—0.6 mA 


20 pA/—0.6 mA 
—3 mA/24 mA (20 mA) 
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Functional Description 


The ’F573 contains eight D-type latches with 3-state output 
buffers. When the Latch Enable (LE) input is HIGH, data on 
the Dp, inputs enters the latches. In this condition the latch- 
es are transparent, i.e., a latch output will change state each 
time its D input changes. When LE is LOW the latches store 
the information that was present on the D inputs a setup 
time preceding the HIGH-to-LOW transition of LE. The 3- 
state buffers are controlled by the Output Enable (OE) input. 
When OE is LOW, the buffers are in the bi-state mode. 
When OE is HIGH the buffers are in the high impedance 
mode but this does not interfer with entering new data into 
the latches. 


Logic Diagram 


Do 


Function Table 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

Oo = Value stored from previous clock cycle 


TL/F/9566-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Veco = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


~—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter adda Vcc 
Min Typ Max 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—58°C to + 125°C 
o°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Vin Input HIGH Voltage BO=. a ae ee | Recognized as a HIGH Signal 


Vi__| input LOW Voltage pt | 


Recognized as a LOW Signal 


VoH Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Output HIGH 54F 
Leakage Current 74F 


5 
los 60 
Izz 
loc 
Iccz 


—1.2 
2.5 





250 
Test 
Output Leakage 


loZH Output Leakage Current pA 
lozt Output Leakage Current pA 


lon = —1mA 
lon = —3 mA 
lon = —1 mA 
lon = —3 mA 
lon = —1mA 
log = —3mA 


lol = 20mA 
lol = 24mA 


Vin = 2.7V 
Vin = 7.0V 


Vout = Voc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = 5.25V 
Vo = LOW 
Vo = HIGHZ 


—150 mA 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 


Parameter Veo = = +5.0V Ta; Voc = Mil Ta, Vec = Com 


CL = 50 pF C. = 50 pF 


Propagation Delay F : : 3.0 , 3.0 
Dp to Opn : : j 2.0 : 2.0 


Propagation Delay : ; ; 5.0 : 5.0 
LE to Op, : : : 3.0 : 3.0 


Output Enable Time ; . : 2.0 ; 2.0 
2.0 ; 2.0 


2.0 : : 
Output Disable Time 1.5 : E 1.5 ‘ 1.5 
1.5 ‘ : 1.5 : 1.5 


ee 


Ta bese Ta, Voc = Mil Ta, Voc = Com 


Par 
arameter eee = 4+50V 


Setup Time, HIGH or LOW 
Dn to LE 


Hold Time, HIGH or LOW 
D, to LE 


LE Pulse Width, HIGH 
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ZA National 


Semiconductor 


54F/74F574 


Octal D-Type Flip-Flop with TRI-STATE® Outputs 


General Description 


The ’F574 is a high-speed, low power octal flip-flop with a 
buffered common Clock (CP) and a buffered common Out- 
put Enable (OE). The information presented to the D inputs 
is stored in the flip-flops on the LOW-to-HIGH Clock (CP) 
transition. 

This device is functionally identical to the 'F374 except for 
the pinouts. 


Ordering Code: see Section 5 
Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


Do D; Dy D; D, Ds Dg D7 


09 0, 0 03 0, Os 06 07 


TL/F/9567-1 


IEEE/IEC 


oO On nar wan =~ 


—_ 
°o 


TL/F/9567-4 


Features 

™ Inputs and outputs on opposite sides of package 
allowing easy interface with microprocessors 

m Useful as input or output port for microprocessors 

@ Functionally identical to 'F374 

m@ TRI-STATE outputs for bus-oriented applications 


Connection Diagrams 


Pin Assignment 
for LCC 


Dg Ds Dy Os Dy 
BOoOow 
HEE ES 


Voc 





a8,8,8 
O5 04 03 02 0; 


TL/F/9567-3 


TL/F/9567-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Pin Names Description 


Do-D7 
CP Clock Pulse Input (Active LOW) 
OE TRI-STATE Output Enable Input (Active LOW) 


Data Inputs 


Oo-07 TRI-STATE Outputs 





54F/74F 


U.L. Input Iy/li 
HIGH/LOW Output Ion/lot 


1.0/1.0 

1.0/1.0 

1.0/1.0 
150/40 (33.3) 


20 pA/—0.6 mA 

20 pA/—-0.6 mA 

20 pA/—0.6 mA 
—3 mA/24 mA (20 mA) 
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Functional Description Function Table 


The ’F574 consists of eight edge-triggered flip-flops with in- 
dividual D-type inputs and TRI-STATE true outputs. The 
buffered clock and buffered Output Enable are common to 
all flip-flops. The eight flip-flops will store the state of their 
individual D inputs that meet the setup and hold times re- 
quirements on the LOW-to-HIGH Clock (CP) transition. With 
the Output Enable (OE) LOW, the contents of the eight flip- 
flops are available at the outputs. When OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. 


Hold 

Hold — 

Load 

Load 

Data Available 
‘Data Available 

No Change in Data 
No Change in Data 


(ae al va Cacia SE hes 


H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

Z = High Impedance 

~/ = LOW-to-HIGH Transition 
NC = No Change 


Logic Diagram 


TL/F/9567-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature 
Ambient Temperature under Bias 
Junction Temperature under Bias 


Voc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 


Input Current (Note 2) 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) 


—65°C to + 150°C 
—55°C to + 125°C 
—55°C to +175°C 


—0.5V to +7.0V 
—0.5V to +7.0V 


—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional! operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol 


VIH 
Vit 
Veb 
VoH 


Nie 
loZH 
loz 
los 
Izz 
Icoz 


Parameter 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 
Voltage 


54F/74F 


a 


54F 10% Voc 
54F 10% Voc 


74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 


Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


54F 
74F 


54F 
74F 


54F 
74F 


Input Leakage 


Test aa 


Output Leakage 
Circuit Current 


Input LOW Current 


74F 


Output Leakage Current 
Output Leakage Current 
Output Short-Circuit Current 
Bus Drainage Test 


Power Supply Current 


54F 10% Voc 
74F 10% Vcc 


Typ 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 56°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Ve Conditions 


Max 
Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


—1mA 
—3mA 
lon = ~1mA 
lon = —3mA 
loH = —1mA 
log = —3mA 


lo. = 20 mA 
lo. = 24mA 


Vin = 2.7V 


loH = 
IOH 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
VouT = 2.7V 
Vout = 0.5V 
Vout = OV 
VouT = 5.25V 
Vo = HIGHZ 


3 


= = = = = = 


~ 


3 
> 


ad 
° 
< 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Veco = +5.0V 
C_ = 50 pF 


Maximum Glock Frequency a 


Propagation Delay 5 : 2.5 9.5 s : 
CP to O7 8.5 2.5 9.5 
Output Enable Time 5.5 9.0 2.5 10.5 


6.0 9.0 2.5 10.5 


Output Disable Time : 3.3 
2.8 i : 7.0 


Ta> Voc = Mil 
C._ = 50 pF 


AC Operating Requirements: See Section 2 for Waveforms 


Ta = +25°C 


Parameter Voc = +5.0V 


Set-up Time, HIGH or LOW 
Dy, to CP 


Hold Time, HIGH or LOW 
Dn, to CP 


CP Pulse Width 
HIGH or LOW 
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OY National ADVANCE INFORMATION 


Semiconductor 


54F/74F579 
8-Bit Bidirectional Binary Counter 
with TRI-STATE® Outputs 


General Description Features 

The 'F579 is a fully synchronous 8-stage up/down counter ™ Multiplexed TRI-STATE I/O ports 
with multiplexed TRI-STATE 1/O ports for bus-oriented ap- ™ Built-in lookahead carry capability 
plications. It features a preset capability for programmable —™ Count frequency 100 MHz typ 
operation, carry lookahead for easy cascading and a U/D ~~ Supply current 75 mA typ 

input to control the direction of counting. All state changes, 

whether in counting or parallel loading, are initiated by the 

rising edge of the clock. 


Logic Symbols Connection Diagrams 


IEEE/IEC Pin Assignment 
for DIP, SOIC and Flatpak 


1 
2 
3 
4 
5 
6 
7 
8 
9 


° 


TL/F/9568-1 
TL/F/9568-2 


Pin Assignment 
for LCC 


0 1/0; 1/0) CP WR 


0s 
1/0, b3) 
TL/F/9568-4 
4 
Vo, OE CS PEU/D 
TL/F/9568~3 
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Semiconductor 


ZANational 


54F/74F582 


4-Bit BCD Arithmetic Logic Unit 


General Description 


The ’F582 is a 24-pin expandable Arithmetic Logic Unit 
(ALU) that performs two arithmetic operations (A plus B, A 
minus B), compare (A equals B), and binary to BCD conver- 
sion. In addition to a ripple carry output, carry Propagate (P) 
and Generate (G) outputs are provided for use with the 
F182 carry lookahead generator for high-speed expansion 
to higher decades. It is functionally equivalent to the 82S82. 


Ordering Code: see Section 5 


Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


Ag Bo Ay 8; Ap By As By 





TL/F/9569-1 


1 

2 
3 
4 
5 
6 
7 
8 
9 


Fy 


Fo 


Fs 


TL/F/9569-5 


Features 

m Performs four BCD functions 

m P and G outputs for high-speed expansion 
m Add/subtract delay 22 ns max 

gm Lookahead delay 15.5 ns max 

m Supply current 80 mA max 

m™ 24-Lead 300 mil slim package 


Connection Diagrams 


Pin Assignment 
for LCC 


NC C/Bneg P NC G C/Bn Ay 
1 fo) (3) ) 7) fel) 
REE EE 


a8 8 888 
[zi] 2s} 
Fp Fg Bg NC Ay Ay Ay 
TL/F/9569-3 
TL/F/9569-2 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description 


1.0/2.0 
1.0/1.0 
1.0/5.0 
1.0/3.0 
1.0/2.0 
50/33.3 
O0C*/33.3 
50/33.3 
50/33.3 
1.0/1.0 
50/33.3 
1.0/3.0 


A Operand Inputs 

B Operand Input 

B Operand Input 

B Operand Input 

B Operand Input 
Functional Outputs 
Comparator Output 
Carry Propagate Output 
Carry Generate Output 
Carry/Borrow Input 
Carry/Borrow Output 
Add/Subtract 


*OC—Open Collector 


Functional Description 


The ’F582 Binary Coded Decimal (BCD) Arithmetic Logic 
Unit (ALU) is a 24-pin expandable unit that performs addi- 
tion, subtraction, comparison of two numbers, and binary to 
BCD conversion. 

The ’F582’s input and output logic includes a Carry/Borrow 
which is generated internally in the lookahead mode, allow- 
ing BCD arithmetic to be computed directly. For more than 
one BCD decade, the Carry/Borrow term may ripple be- 
tween ’F582s. 

When A/S is LOW, BCD addition is performed (A + B + 
C/B = F). If the sum is greater than 9, binary to BCD con- 
version results at the output. 

When A/S is HIGH, subtraction is performed. If the C/B is 
LOW, then the subtraction is accomplished by internally 


Logic Diagram 


il 


ULL. Input Ihy/lie 
HIGH/LOW Output Ion/lor 


20 pA/—1.2mA 
20 pA/—0.6 mA 
20 pA/—-3 mA 
20 pA/—1.8 mA 
20 pA/—1.2 mA 
—1mA/20 mA 


*/20mA 


—1mA/20 mA 
—1mA/20 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
20 pA/—1.8 mA 


computing the 9s complement addition of two BCD numbers 
(A—B-—1 = F). When C/B is HIGH, the difference of the 
two numbers is figured as A~B = F. For A greater than or 
equal to B, the BCD difference appears at the output F in its 
true form. If A is less than B and C/B is HIGH, the difference 
appears at the output as the 10s complement of the true 
form. If A is less than B and C/B is LOW, the 9s comple- 
ment of the true form appears at the output F. As long as A 
is less than B, and Active LOW borrow is also generated. 
The ’F582 also performs binary to BCD conversion. For in- 
puts between 10 and 15, binary to BCD conversion occurs 
by grounding the B inputs and applying the binary number to 
the other set of inputs. This will generate a carry term to the 
next decade. 


TL/F/9569-4 
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Symbol 


Vin 
Vit 


Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to + 7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Parameter 


Output HIGH 54F 10% Voc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


28 


Voltage 





Output LOW 
Voltage 


Input HIGH 
Current 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW Current 


Output Short-Circuit Current 


Open Collector, Output 
OFF Leakage Test 


aE Fam | ome | es 


Input HIGH Voltage a 


20.0 
eee ela 
Input HIGH Current 100 A 
Breakdown Test 7.0 as 
Output HIGH aA 
Leakage Current 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to + 5.5V 


Conditions 


Recognized as a HIGH Signal 


Input LOW Voltage | = | vv | | Recognized as a LOW Signal 
Input Clamp Diode Voltage -—_____-12 | v | vin ly = =18mA 


lon = —1MA (Fp, P,G 
loH = = mA (Fh P, G, 
lon = —1 MA (Fp, P,G 
lol = 20mA 
lo. = 20 mA 


Vin = 2.7V 


Be 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 

All Other Pins Grounded 

Viop = 150 mV 

All Other Pins Grounded 

Vin = 0.5V (Bo, C/B) 

Vin = 0.5V (Ap, Ba) 

Vin = 0.5V (A/S, Bo) 

Vin = 0.5V (By) 

Vout = OV (Fr, P, G, C/Br + 4) 


Vout = Vcc (A=B) 


Power Supply Current | 8080 | =m | Max | Vo = Low 
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AC Operating neaenene See Section 2 for Waveforms 


= + ° 
oe a6 Ta Voc = Mil a Vee = Com 


Parameter a = +50V 


te 
23.0 


24.0 
17.5 


Propagation Delay ie 29.0 
Ap Or By to Fry 2.5 22.0 


Propagation Delay 4.0 21.5 
An OF By to C/Byn +4 4.0 16.0 


Propagation Delay 3.5 


C/By to C/Bn+4 2.0 


Propagation Delay 8.0 35.0 28.5 
A, or B,toA = B 6.0 25.0 24.5 


Propagation Delay : 18.0 19.0 
Ap Or By to G or P 15.5 16.5 


Propagation Delay 33.0 34.0 
A/S to Fy 18.0 19.5 
Propagation Delay 4.0 21.0 
C/B to F, 2.5 14.0 


23.0 
15.5 
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4A National 


Semiconductor 


54F/74F583 ~ 
4-Bit BCD Adder 


General Description Features 

The ’F583 high-speed 4-bit, BCD full adder with internal car- Adds two decimal numbers 

ry lookahead accepts two 4-bit decimal numbers (Ag—-Ag, Full internal lookahead 

Bo-Bg) and a Carry Input (C,). It generates the decimal sum Fast ripple carry for economical expansion 
outputs (So-S3), and a Carry Output (Cp, +4) if the sum is Sum output delay time 16.5 ns max 
greater than 9. The ’F583 is the functional equivalent of the Ripple carry delay time 8.5 ns max 
82583. Input to ripple delay time 14.0 ns max 
Supply current 60 mA max 

Available in SOIC, (300 mil only) 


Ordering Code: see Section 5 
Logic Symbols | Connection Diagrams 


Pin Assignment for Pin Assignment 
DIP, SOIC and Flatpak for LCC 


Crean NC Az Bs 
BOW 
eas 


Ao By Ay By Ao Bo A; Bs 


Coes 
S; Sz Ss 





TL/F/9570~-1 





IEEE/IEC 


on Oo FF WwW DH 


a8 ,8,8 
4) © fe 7 63 
So Bo NC Ag Ay 


TL/F/9570-2 
TL/F/9570-3 


Cass 
TL/F/9570-4 


Unit Loading/Fan Out: see Section 2 for UL. Definitions 


54F/74F 


U.L. Input IyH/Iy 
HIGH/LOW Output lon/lo. 


A Operand Inputs 1.0/2.0 20 pA/—1.2 mA 
B Operand Inputs 1.0/2.0 20 pA/—1.2 mA 
Carry Input 1.0/1.0 20 pA/—0.6 mA 
Sum Outputs 50/33.3 —1 mA/20 mA 
Carry Output 50/33.3 —1mA/20 mA 
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Functional Description 


The 'F583 4-bit binary coded (BCD) full adder performs the 
addition of two decimal numbers (Ag—-A3, Bp—-B3). The look- 
ahead generates the BCD carry terms internally, allowing 
the 'F583 to then do BCD addition correctly. For BCD num- 
bers 0 through 9 at A and B inputs, the BCD sum forms at 
the output. In the addition of two BCD numbers totalling a 
number greater than 9, a valid BCD number and a carry will 
result. 


Logic Diagram 





For input values larger than 9, the number is converted from 
binary to BCD. Binary to BCD conversion occurs by ground- 
ing one set of inputs, A, or Bn, and applying any 4-bit binary 
number to the other set of inputs. If the input is between 0 
and 9, a BCD number occurs at the output. If the binary 
input falls between 10 and 15, a carry term is generated. 
Both the carry term and the sum are the BCD equivalent of 
the binary input. Converting binary numbers greater than 16 
may be achieved through cascading ’F583s. 


D—s 


| 
: 


ei 


>. 


i 


z 
Pell 
oy, Yt 


9 
ett tt | 1 


i 


im 


% 


He 


= 
— 





Him ae 
| HED _ 
Pes | 
Po IL 


TL/F/9570-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter 


a Tan | te | vee | 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Vin Input HIGH Voltage ee te Recognized as a HIGH Signal 


Vit Input LOW Voltage 


08 |v |__| Recognizedas a LOW Signal 


Input Clamp Diode Vottage 12 | v | win | i = —18 mA 


Output HIGH 54F 10% Vcc 
74F 10% Voc 


74F 5% Voc 


Voltage 


Output LOW 
Voltage 


| inputHIGH Current = HIGH Current 





54F 10% Vcc 0.5 
74F 10% Co ae er se 5 
Input HIGH Current 
Breakdown Test 


lon = —1mMA 
= —1mA 
= —1imA 


= 20mA 
= 20mA 


= 2.7V 
= 7.0V 


=0.5V (Cy) 


Input LOW Current —0.6 = = 0. 
—-1,2 VIN = 0.5V (An, Bn) 


Output Short-Circuit Current —60 — 150 | oma | Max | Vout = OV 


loex___| OutputHIGH Leakage Current | 250 | BA 
4060 


IocL Power Supply Current 


Vout = Vcc 
Vo = LOW 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Symbol 


Parameter 


Propagation Delay 
An or By to Spy 


Propagation Delay 
Cyto Cn+4 


Propagation Delay 
An or Bn to Cnh+4 


Min 


2.5 
2.5 


4.0 


Ta = +25°C 
Vec = +5.0V 
C_ = 50 pF 
Typ 
13.0 
11.0 
6.5 
5.0 


11.0 
8.0 


Max 


16.5 
14.0 


8.5 
6.5 


14.0 
10.5 
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Ta, Vec = Mil 
C, = 50 pF 


2.5 
2.5 


2.5 
2.5 


4.0 
4.0 


2.5 
2.5 


2.5 
2.5 


4.0 
4.0 


15.0 


9.5 
7.5 


15.0 
11.5 
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ZA National 


Semiconductor 


54F/74F588 | 
Octal Bidirectional Transceiver with TRI-STATE® 
Inputs/Outputs and IEEE-488 Termination Resistors 


General Description 


The ’F588 contains eight non-inverting bidirectional buffers 
with TRI-STATE outputs and is intended for bus-oriented 
applications. The B ports have termination resistors as 
specified in the IEEE-488 specifications. Current sinking ca- 
pability is 24 mA (20 mA Mil) at the A ports and 64 mA 
(48 mA Mil) at the B ports. The Transmit/Receive (T/R) 
input determines the direction of data flow through the bidi- 
rectional transceiver. Transmit (active HIGH) enables data 
from A ports to B ports; Receive (active LOW) enables 


Ordering Code: see Section 5 
Logic Symbols 


Pin Assignment 
for DIP, SOIC and Flatpak 


Ay Ay Ag Ag Ay Ag Ag Az 


Bo By By Bz By Bs Bg By 


TL/F/9571-2 


o On DO FF WwW DS = 


IEEE/IEC 


oO 


TL/F/9571-1 


data from B ports to A ports. The Output Enable input, when 
HIGH, disables both A and B ports by placing them in a high 
impedance condition. 


Features 

@ Non-inverting buffers 

g@ Bidirectional data path 

@ B outputs sink 64 mA (48 mA Mil), source 12 mA 
m Guaranteed 4000V minimum ESD protection 


Connection Diagrams 
Pin Assignment 
for LCC 


Ay Ag As Ay Ag 
Ep A CES) 





(15) 
Bs By By By By 
TL/F/9571-4 


TL/F/9571-3 
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Unit Loading/Fan Out: see Section 2 for ULL. ee 


a 7 
Description ULL. Input a/b 
HIGH/LOW Output Ion/IoL 


Output Enable Input (Active LOW) 1.0/2.0 20 pA/—1.2 mA 
Transmit/Receive Control Input 1.0/2.0 20 pA/—1.2 mA 

A Port Inputs or 3.5/1.083 70 pA/—0.65 mA 
TRI-STATE Outputs 150/40 (33.3) —3 mA/24 mA (20 mA) 
B Port Inputs or *T/5.33 *T/3.2 mA 
TRI-STATE Outputs 600/106.6 (80) | —12mA/64 mA (48 mA) 


*T = Resistive Termination per IEEE-488 Standard 


Truth Table 


Bus B Data to Bus A 
Bus A Data to Bus B 
High Impedance 


B B B B 
3 - ? : TL/F/9571-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


B Port Input Characteristic with T/R LOW 


INPUT CURRENT 
: ; REPRESENTATIVE 


LOAD LINE 
= INPUT 


TL/F/9571-6 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Voc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Voc = OV) 

Standard Output 

TRI-STATE Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


54F/74F 


Symbol Parameter Ve Conditions 


QO 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA (OE, T/R) 


lon = —1 mA (An) 
lon = —3 mA (Ap, Bp) 


VIL Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 
Voltage 


Vv 


Vw | InputHiGHVottage | 20 
ee 
2.5 


54F 10% Voc 
54F 10% Voc 


NH 
hy + 
loZH 
he + 
loz 
VNL 


IBvi 


IBvit 


Output LOW 


Voltage 


Input HIGH Current 

WH 7 
IEEE-488 

Mie sz 
IEEE-488 

No Load Voltage 

Input HIGH Current 

Breakdown Test 

Input HIGH Current 

Breakdown Test (I/O) 


54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 


74F 5% Voc 
74F 5% Voc 


54F 10% Vcc 
54F 10% Voc 
T4F 10% Voc 
74F 10% Voc 





lon = —12 mA (Bp) 
lon = —1mA (Ap) 
loH = —3 mA (Ap, Bn) 
lo = —15 mA (By) 
lon = —1mA (Ap) 
loH = —3 mA (An, Bn) 


lo. = 20 mA (A,) 

lo. = 48 mA (Bp) 

lo. = 24 mA (Ap) 

lo, = 64 mA (By) 

Vin = 2.7V (OE, T/R) 
Vin = 5.0V (Bp) 

Vin = 5.5V (Bp) 

Vin = 0.4V (By) 

Vin = 0.4V (By) 

lin = OV (Bn) 

lin = OV (Bp) 

Vin = 7.0V (OE, T/R) 


= 
> 


| 
wo ! 
1s) 


00 
1.3 
2.5 


Vin = 5.5V (Ap) 


oO 


= 
N 
oi 


~_ i) 
C N 
= 3 
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DC Electrical Characteristics (continued) 


ax 
i+ tozn | OutputLeakage Curent | 70 | 
in + loa | OutputLeakage Curent |= 50 


Output Short-Circuit Current 


Nie 


los 


ICEX. 


Izz 


IocH 


loc 
Iccz 


54F/74F 
Min Typ M 


—60 


— 100 


67 100 
83 125 


Conditions 


Vin = 0.5V (OE, T/R) 
Vout = 2.7V (An) 
Vout = 9.5V (Ap) 


mA 
pA 
pA 

Vv =OV(A 
a Vor = 0V(By 
Vout = Vcc (An) 

pA Vout = 5.25V (An, Bn) 
mA Vo = HIGH 

mA Vo = LOW 

mA 


Vo = HIGHZ 


0 


| mA | Max 

| nA 
=10 ma | ise 

| a _| 0. 

| mA 

| mA | Max 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
AtoBorBtoA 
Output Enable Time 
T/R or OE toAorB 
utput Disable Time 
T/R or OE toAorB 


Min Typ M 


2.5 
2.5 
2.5 
2.5 
2.5 
2.5 


Ta = +25°C 
Vcc = +5.0V 
C_ = 50 pF 


4.5 
5.0 


5.0 
7.0 


5.5 
5.6 


ax 
6.0 
6.5 
7.0 
9.0 
7.0 
7.0 
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Ta, Vcc = Mil 
C. = 50 pF 


2.5 7.0 
2.5 7.5 
2.5 8.0 
2.5 10.0 
2.5 
2.5 


8.0 
8.0 
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ZA National 


Semiconductor 


54F/74F620 © 54F/74F623 
Inverting Octal Bus Transceiver with TRI- STATE® 
Outputs 


General Description 


These devices are octal bus transceivers designed for asyn- 
chronous two-way data flow between the A and B busses. 
Both busses are capable of sinking 64 mA and have TRI- 
STATE outputs. Dual enable pins (GAB, GBA) allow data 
transmission from the A bus to the B bus or from the B bus 
to the A bus. The ’F620 is an inverting option of the ’F623. 


Ordering Code: See Section 5 
Logic Symbol 


By By By Bz By Bs Bg By 


Ag Ay Az Az Ay Ag Ag Ay 


TL/F/9577-3 


Unit Loading/Fan Out: see eae 2 for U.L. definitions 


a, 1. ee 
Description ULL. Input Iyya/Iie 
HIGH/LOW Output lon/loL 


20 pA/—0.6 mA 

70 pA/—0.4 mA 
—3 mA/64 mA (48 mA) 

70 pA/—0.4 mA 
—3 mA/64 mA (48 mA) 


1.0/1.0 
3.5/1.083 
150/40 (33.3) 
3.5/1.083 
150/40 (33.3) 


Enable Inputs 

A Inputs or 
TRI-STATE Outputs 
B Inputs or 
TRI-STATE Outputs 





Features 

m Designed for asynchronous wo-wey data flow between 
busses 

@ Outputs sink 64 mA 

m Dual enable inputs control direction of data flow 

m™ Guaranteed 4000V minimum ESD protection 

m@ ’F620 is an inverting option of the ’F623 


Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 


ownOon nant WwW Pe =~ 


TL/F/9577-1 


Pin Assignment 
for LCC 


Ag As Ag Az Ag 
BH) 
a as 


a,8,5,8 
By Bz By By Bo 
TL/F/9577-2 
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Functional Description 


The enable inputs GAB and GBA control whether data is 
transmitted from the A bus to the B bus or from the B bus to 
the A bus. If both GBA and GAB are disabled (GBA HIGH 
and GAB low), the outputs are in the high impedance state 
and data is stored at the A and B busses. When GBA is 


Function Table 


Enable input _ 


HIGH Voltage Level 
LOW Voltage Level 
High Impedance 


Logic Diagram 


active (LOW), B data is sent to the A bus. When GAB is 
active (HIGH), data from the A bus is sent to the B bus. If 
both enable inputs are active (GBA LOW and GAB HIGH) B 
data is sent to the A bus while A data is sent to the B bus. 


TL/F/9577-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


As 


A As. Ag 
TL/F/9577-7 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays: 
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Absolute Maximum Ratings$ (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —56°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 
Ground Pin 


Input Voltage (Note 2) 


—0.5V to +7.0V 
—0.5V to +7.0V 


Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Input Current (Note 2) 
Voltage Applied to Output 


in HIGH State (with Voc = OV) 


Standard Output 
TRI-STATE Output 


—30 mAto +5.0mA 
Military 
Commercial 

Supply Voltage 
Military 
Commercial 


—0.5V to Vcc 
—0.5V to + 5.5V 


Free Air Ambient Temperature 


—55°C to + 125°C 
o°C to + 70°C 


+4.5V to + 5.5V 
+4,5V to +5.5V 


DC Electrical Characteristics 


Symbol! Parameter 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH Current 
Breakdown Test 


54F 
74F 


Output HIGH 54F 


Leakage Current 74F 


Input Leakage 
Test. 


jpetesie oe [ars |v | | 
Output Leakage 
Circuit Current AF ars | ow | 00 


[Input Low Curent | 0.6 | ma | Max | 


ini + lozn | Output Leakage Current p70 |_| Max | 
in + lozt_| Output Leakage Current p= 650 | a | Max 


lop 


los Output Short-Circuit Current —100 


lzz Bus Drainage Test 
locH Power Supply Current (’F620) 
Power Supply Current (’F620) 
Power Supply Current (’F620) 


Power Supply Current (’F623) 


IocL 
looz 
IoCH 
lcci 
Iocz 


54F/74F 


Input HIGH 54F A 
Current 74F 33 
100 
| on | ee 
Input HIGH Current 54F rl 
Breakdown (I/O) 74F 
250 
rr a ee ro 


Power Supply Curent (F623) | 82 | mA | Max | 
Power Supply Current (Feza) | 85 | mA | Max | 
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Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18 mA (Non I/O Pins) 


lon = —12 mA (Ap, Bn) 
lo = —15 mA (Ap, Bn) 
lo. = 64 mA (Ap, Bn) 


Vin = 2.7V 
Vin = 7.0V (GBA, GAB) 
Vin = 5.5V (An, Bn) 


Vout = Vcc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (Non I/O Pins) 
VouT = 2.7V (An; Bn) 
Vout = 9.5V (An, Bn) 
Vout = 9V 

Vout = 5.25V 

Vo = HIGH, Vin = 0.2V 
Vo = LOW 

Vo = HIGHZ 

Vo = HIGH 

Vo = LOW, Vin = 0.2V 
Vo = HIGHZ 


—225 
0.0V 


m 





AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C _ 7 
Parameter Veco = +5.0V Ta Vec = Mil | Ta, Vec = Com 
Min Typ Max 


Propagation Delay 2.5 
A Input to B Output (’F620) 2.0 
Propagation Delay 2.5 
B Input to A Output (’F620) 2.0 
Propagation Delay 1.5 
A Input to B Output (F623) 2.0 
Propagation Delay 1.5 
B Input to A Output (F623) 2.0 
Enable Time 2.0 
GBA Input to A Output 2.5 
1.5 
1.0 
2.0 
3.0 
2.5 
2.0 
2.0 
2.5 
2.0 
2.0 


Disable Time 

GBA Input to A Output 

Enable Time 

GAB Input to B Output (F620) 
Disable Time 

GAB Input to B Output (F620) 
Enable Time 

GAB Input to B Output (F623) 


Disable Time 
GAB Input to B Output (F623) 
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ZANationat 


Semiconductor 


54F/74F632 
32-Bit Parallel Error Detection and Correction Circuit 


General Description 


The 'F632 device is a 32-bit parallel error detection and 
correction circuit (EDAC) in a 52-pin or 68-pin package. The 
EDAC uses a modified Hamming code to generate a 7-bit 
check word from a 32-bit data word. This check word is 
stored along with the data word during the memory write 
cycle. During the memory read cycle, the 39-bit words from 
memory are processed by the EDAC to determine if errors 
have occurred in memory. 


Single-bit errors in the 32-bit data word are flagged and cor- 
rected. 


Single-bit errors in the 7-bit check word are flagged, and the 
CPU sends the EDAC through the correction cycle even 
though the 32-bit data word is not in error. The correction 
cycle will simply pass along the original 32-bit data word in 
this case and produce error syndrome bits to pinpoint the 
error-generating location. 


Dual-bit errors are flagged but not corrected. These errors 
may occur in any two bits of the 39-bit word from memory 
(two errors in the 32-bit data word, two errors in the 7-bit 
check word, or one error in each word). The gross-error 


Ordering Code: see Section 5 


Logic Symbol 


condition of all LOWs or all HIGHs from memory will be 
detected. Otherwise, errors in three or more bits of the 39- 
bit word are beyond the capabilities of these devices to de- 
tect. 

Read-modify-write (byte-control) operations can be per- 
formed by using output latch enable, LEDBO, and the indi- 
vidual OEBp through OEB3 byte control pins. 

Diagnostics are performed on the EDACs by controls and 
internal paths that allow the user to read the contents of the 
Data Bit and Check Bit input latches. These will determine if 
the failure occurred in memory or in the EDAC. 


Features 
Detects and corrects single-bit errors 
Detects and flags dual-bit errors 
Built-in diagnostic capability 
Fast write and read cycle processing times 
Byte-write capability 
Guaranteed 4000V minimum ESD protection 


TL/F/9579~1 


54F/74F 


Description 


Check Word Bit, Input 
or TRI-STATE® Output 
Data Word Bit, Input 


3.5/1.083 


3.5/1.083 


or TRI-STATE Output 

Output Enable Data Bits 
Output Latch Enable Data Bit 
Output Enable Check Bit 
Select Pins 

Single Error Flag 

Multiple Error Flag 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 





150/40 (33.3) 


150/40 (33.3) 


ULL. Input yy/tie 
HIGH/LOW Output lon/lot 


70 pA/—650 pA 
—3 mA/24 mA (20 mA) 
70 pA/—650 pA 
—3 mA/24 mA (20 mA) 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
—1mA/20 mA 
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Connection Diagrams 


Pin Assignment for 
Side Brazed DIP 


oon Om We we RP 


TL/F/9579-2 


Pin Assignment Pin Assignment 
for LCC and PCC for LCC and PCC 
52-Pin 


08 3082 DB 1089 OEB, DB, DBg GND 087 08g OFBy D8, DB, 


(26) ffs) 8) G2) Ge) 5) 4 £3) bal Gy bo 2) el 
a EERE e Eee 8 


J 8,8 ,0,8 
(34) [55] (Ss) (52) (8) G3) Go) (a) [o) [es] a] (5) Gas) 
18 908-99 D8 | 0682 0822 DB GND D824 DB 25 OLB DB.2g D8270B25 
TL/F/9579-3 


TL/F/9579-8 
NC—No internal connection 
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Functional Description 
MEMORY WRITE CYCLE DETAILS 


During a memory write cycle, the check bits (CBg through 
CBg) are generated internally in the EDAC by seven 16-in- 
put parity generators using the 32-bit data word as defined 
in Table Il. These seven check bits are stored in memory 
along with the original 32-bit data word. This 32-bit word will 
later be used in the memory read cycle for error detection 
and correction. 


ERROR DETECTION AND CORRECTION DETAILS 


During a memory read cycle, the 7-bit check word is re- 
trieved along with the actual data. In order to be able to 
determine whether the data from memory is acceptable to 
use as presented to the bus, the error flags must be tested 
to determine if they are at the HIGH level. 


The first case in Table Ill represents the normal, no-error 
conditions. The EDAC presents HIGHs on both flags. The 
next two cases of single-bit errors give a HIGH on MERR 
and a LOW on ERR, which is the signal for a correctable 
error, and the EDAC should be sent through the correction 
cycle. The last three cases of double-bit errors will cause 
the EDAC to signal LOWs on both ERR and MERR, which is 
the interrupt indication for the CPU. 


Error detection is accomplished as the 7-bit check word and 
the 32-bit data word from memory are applied to internal 
parity generators/checkers. If the parity of all seven group- 
ings of data and check bits is correct, it is assumed that no 
error has occurred and both error flags will be HIGH. 


TABLE I. Write Control Function 


Data I/O 


EDAC 

Function 
Generate L L 
Check Word 


*See Table I! for details of check bit generation. 


DB Control 
OEB, 


suk Output 
P Check Bit 





DB Output 
Latch 
LEDBO 


Error Flags 


Check I/O pec ERR MERA 


TABLE II. Parity Algorithm 
32-Bit Data Word 


Check Word 


Bit 


The seven check bits are parity bits derived from the matrix of data bits as indicated by X for each bit. 


TABLE Ill. Error Function 


Total Number of Errors 
32-Bit Data Word 


5 
1 
1 
0 
2 


HIGH Voltage Level 
LOW Voltage Level 


7-Bit Check Word ERR MERR 
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Data Correction 


Not Applicable ~ 
Correction 
Correction 
Interrupt 
Interrupt 
Interrupt 





Functional Description (continued) 


If the parity of one or more of the check groups is incorrect, 
an error has occurred and the proper error flag or flags will 
be set LOW. Any single error in the 32-bit data word will 
change the state of either three or five bits of the 7-bit 
check word. Any single error in the 7-bit check word chang- 
es the state of only that one bit. In either case, the single 
error flag (ERR) will be set LOW while the dual error flag 
(MERR) will remain HIGH. 


Any 2-bit error will change the state of an even number of 
check bits. The 2-bit error is not correctable since the parity 
tree can only identify single-bit errors. Both error flags are 
set LOW when any 2-bit error is detected. 


Three or more simultaneous bit errors can cause the EDAC 
to believe that no error, a correctable error, or an uncorrect- 
able error has occurred and will produce erroneous results 
in all three cases. It should be noted that the gross-error 
conditions of all LOWs and all HIGHs will be detected. 

As the corrected word is made available on the data I/O 
port (DBg through DB3), the check word I/O port (CBo 
through CBg) presents a 7-bit syndrome error code. This 
syndrome error code can be used to locate the bad memory 
chip. See Table V for syndrome decoding. 


READ-MODIFY-WRITE (BYTE CONTROL) OPERATIONS 


The ’F632 device is capable of byte-write operations. The 
39-bit word from memory must first be latched into the Data 
Bit and Check Bit input latches. This is easily accomplished 
by switching from the read and flag mode (Sy = H, So = L) 
to the latch input mode (S; = H, So = H). The EDAC will 
then make any corrections, if necessary, to the data word 
and place it at the input of the output data latch. This data 


word must then be latched into the output data latch by 
taking LEDBO from a LOW to a HIGH. 


Byte control can now be employed on the data word 
through the OEBg through OEB, controls. OEBg controls 
DBp-DB7 (byte 0), OEB; controls DBg-DBj5 (byte 1), 
OEBs controls DByg—DBo3 (byte 2), and OEB3 controls 
DBo4-DBa (byte 3). Placing a HIGH on the byte control will 
disable the output and the user can modify the byte. If a 
LOW is placed on the byte control, then the original byte is 
allowed to pass onto the data bus unchanged. If the original 
data word is altered through byte control, a new check word 
must be generated before it is written back into memory. 
This is easily accomplished by taking controls S; and So 
LOW. Table VI lists the read-modify-write functions. 


DIAGNOSTIC OPERATIONS 


The ’F632 is capable of diagnostics that allow the user to 
determine whether the EDAC or the memory is failing. The 
diagnostic function tables will help the user to see the possi- 
bilities for diagnostic control. In the diagnostic mode 
(S; = L, Sg = H), the check word is latched into the input 
latch while the data input latch remains transparent. This 
lets the user apply various data words against a fixed known 
check word. If the user applies a diagnostic data word with 
an error in any bit location, the ERR flag should be LOW. If a 
diagnostic data word with two errors in any bit location is 
applied, the MERR flag should be LOW. After the check 
word is latched into the input latch, it can be verified by 
taking OECB LOW. This outputs the latched check word. 
The diagnostic data word can be latched into the output 
data latch and verified. By changing from the diagnostic 
mode (S; = L, Sg = H) to the correction mode (S; = H, So 
= H), the user can verify that the EDAC will correct the 
diagnostic data word. Also, the syndrome bits can be pro- 
duced to verify that the EDAC pinpoints the error location. 
Table VII lists the diagnostic functions. 


TABLE IV. Read, Flag and Correct Function 


EDAC 
Function 


Read & Flag 


Memory 
Cycle 


Control 


Output 
Corrected Data 
& Syndrome Bits 


Note 1: See Table II! for error description. 


Output 
Corrected 
Data Word 


Latch Input Latched 
Data & Check H H Input 
Bits 


Note 2: See Table V for error location. 


DB Control 


DB Output Error Flags 


ERR MERR 


Enabled (Note 1) 


Latched 
Input Enabled (Note 1) 
Check Word 


Syndrome Enabled (Note 1) 


Bits (Note 2) 
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Functional Description (continued) 


TABLE V. Syndrome Decoding 


Syndrome Bits | error | Syndrome Bits | Ero | 


2-Bit 

unc 

unc 
2-Bit (Note 2) 


DEAT IrrrryLTTTTIJOCrrCyLILTTTI[rer rc yrrTItTrtIererece 


Perr yrr rc |rer rr |r rrr rrr errr leer ere leon 
TEerclercrrilrrerieerrlerrrrlererrer|rrrer([eeee 
MUTT JerrrcryLoeTTi[rerer rye rerrl[errr rr yrrtTttirerere 
Torr y~Letererl|yeorrijrtrrrizrrryrrrr|rerrriztire 
CPrerrirrr er l|rerercl|rr orc ijrerr er l|r rere lyr errr ce 
GUOTIILTUITIILATTIILTLTITILTIIATITILTITTILTITITIIITT 
THeETTITITIITITITTIrTrTeTyrrr rym rrr | |rr rele ec 
ZTTTTILCLTTTlrrrer|jrrrryLTITLTITTTLJrrerer | rere 
Dorr ljLtrrl|rtrrijz~rrrjrrtrrjizttrrizairr|j@ricer 
Dror jtercryrrteryreritir|rrcrl|rzriwrijzrririr|yxorrier 


L 
L 
L: 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L. 
L 
L 
L 
L 
L 


CBx = Error in check bit X 

DBy = Error in data bit Y 

2-Bit = Double-bit error 

unc = Uncorrectable multi-bit error 

Note: 2-bit and unc condition will cause both ERR and MERR to be LOW 
Note 1: Syndrome bits for all LOWs. MERR and ERR LOW for all LOWs, 
only ERR LOW for DBgo error. 

Note 2: Syndrome bits for all HIGHs. 
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Functional Description (Continued) 


GTTLjTILTIjTLTITLTILTILTILTITITTT|LIITTjTITITjyITrTIrTt 


Len Se 0 ee Oe SO ee Se ee 0 ee ee ee 0 ee ee 0 ee Se 0 ee 


Syndrome Bits 


EBEETILITT[rrerr ieee |rrrrl|rrrcrtirererr|eree 
DPIETTirrrmrlLTTITIJrr rr |r rr tjrrr rer |yTITITri-eree 


GTTTITTTTILTILTTILTITT Tire rr jyrrr ele rere |e eee 


Doerr yLtrr|rrierr|yzttrer|prrrryzrrterryzirrl|rirere 


TABLE V. Syndrome Decoding (Continued) 


Teorey oereeerlyLerocri|reritrli|tertrel|reriterjrerterirzerir 
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Syndrome Bits 


unc (Note 1) 
2-Bit 
2-Bit 
CBo 


IGFTrTTITILITITIITILTILIITILTIITILTILTITIETITIILTIITTITITIITTITIITTt 
TIUIITITAITITITILCLITITjJLTITIjTITTILTITITTITIITIITrTIT 
TUeUerTTjLTTTiJrrr er l|rr rer yrc rrr rerrrjrrerer |r eee 
ITIere-yLITORKOK|LIoOrrl|yLTreryLITecl|rorrrljrtorere-l|rire 
Teer Terterl|LrOotrlrerLrryrritirijzreritrl|rrirjrerir 


GTTTILTITTTI/LITTeI/LTLT pyre yrrr er yrerr ee |e oee 
gee SAG ae VOW msec all al OR! Ri OQ PR Sy cd ad cael atl (ew Sem nw FOR lk IV wah ee ae coe Ul pers Mee Ses Od cae ee al 





CBx = Error in check bit X 

DBy = Error in data bit Y 

2-Bit = Double-bit error 

unc = Uncorrectable multi-bit error 


Note: 2-bit and unc condition will cause both ERR and MERR to be LOW 
Note 1: Syndrome bits for all LOWs. MERR and ERR LOW for all LOWs, 
only ERR LOW for DBgpo error. 

Note 2: Syndrome bits for all HIGHs. 
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Functional Description (Continued) 


TABLE VI. Read-Modify-Write Function 
EDAC papas ut Error Flags 
Function MERR 


Enabled 


Latch Input Latched 
Data & Input Enabled 
Check Bits Data 


Latch Corrected Latched - 
Data Word into Output Output Enabled 
Output Latch Data Syndrome 

Word 


Modify Input 

Appropriate Modified 

Byte or Bytes BYTE 9 Output 

& Generate New Output Check Word 


Check Word Unchanged 


BYTE 
*OEBp controls DBp-DB7 (BYTE); OEB, controls DBg-DB15 (BYTE,); OEBs controls DB1g-DBag3 (BYTE); OEBg controls DB24-DB3; (BYTE). 


TABLE VII. Diagnostic Function 


pb ues Error Flags 
Data i/O Control Latch Check I/O ERR MERA 


EDAC 
Function 


Read & Flag Input Correct Input Correct 
Data Word Check Bits 
Latch Input Check 
Word while Data 
Input Latch 
Remains 
Transparent 


Lf 5 
Latch Diagnostic kag 
Data Word into pu 
OutputLatch | * H | Diagnostic | 
: Data Word* 
Latch Diagnostic Uatkhed Out PH 
: : se dria Enabled 
Diagnostic | 


Latched 
Input 
Check Bits 


Input 
Diagnostic 
Data Word* 


Enabled 


Output 
Latched 


Check Bits Enabled 


Data Word into 
Input Latch 
Data Word 


Output Diagnostic 
Data Word & 
Syndrome Bits 


Output 
Diagnostic 
Data Word 


Syndrome Enabled 





Output Corrected Output 
Diagnostic Data 
Word & Output 


Syndrome Bits 


Output 
Corrected 


Syndrome 
Bits 


Enabled 





Diagnostic 
Data Word 





High Z 


*Diagnostic data is a data word with an error in one bit location except when testing the M error flag. In this case,the diagnostic data word will contain errors in 
two bit locations. 
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Block Diagram 


DECODER? 
xy 1 


CBy - CBg 


ERROR 
DETECTOR 


DBy - DB, 
DBg - DBys 
DBy,~ DB. 


ERROR 
CORRECTOR 


=1 


TL/F/9579-4 


Timing Waveforms 
Read, Flag and Correct Mode 


READ pe te CORRECT +} 
eC 


t, t,— 
Input Data Word ys Ce) Output Corrected Data Word > 


ten tals 


t 


ts h—>4 
Input Check Word pee, =e “Output Syndrome Code a7, 


== ten tats 
OECB 


ERR AUN GC CoD AM 


tod 


WERR AANAANANANAUAS QS 177 ANNI 


TL/F/9579-5 
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Timing Waveforms (continued) 
Read, Correct and Modify Mode 


So 


}+— READ CORRECT 


5 
08-00, ——{ Tout bata Wor SK Kost Cored Dats Word) —{ pt ow Bye DD 
DB, DBs, (input Data Word DK Output Corrected DatafWord = 

OEBy 

OE, - OB 
(E060 \\ AAAS A\\\AAAAAAAAAAAAAY WW 


OECB 
pd 


cB, C85 —{ pt Gack Word PPK Kou Syne Oe | Yuk Cho Wo 
CANNNNNNNANNNY QOS 771177 SD ANANANNANAUNI 


WERR AAA QUA AAS 


TL/F/9579-6 


Diagnostic Mode 


—+ 


j+—— th-—>4 
DBy thru DBs, Input Valid Data Word Input Diagnostic Data Word »» ea er Aa ay Ea > 


betas 
: | , pfs 


[4d 


t 
t h 


ts th— pd 


ee pe » C) : Output Valid Check Word “Output Syndrome Code »»y 


tod 


Verify Proper Operation of ERR Flag Verify Proper Operation of ERR Flag, Flag Should Be Low 
- e(Flag Should Be High) 4 With a Diagnostic Data Word With a Single Error 


wea ee Ged eee @ @ wee ewoee @ 


Verify Proper Operation of MERR Flag Verify Proper Operation of MERR Flag, Flag Should Be Low 
(Flag Should Be High) With a Diagnostic Data Word With a Double Error 


TL/F/9579-7 
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Absolute Maximum Ratings (note 1) 


lf Military/Aerospace specified devices are required, Current Applied to Output 
please contact the National Semiconductor Sales in LOW State (Max) twice the rated lo, (mA) 
Office/Distributors for availability and specifications. ESD Last Passing Voltage (Min) 4000V 


Storage Temperature —65°C to + 150°C Note 1: Absolute maximum ratings are values beyond which the device may 
Ambient Temperature under Bias -55°Cto + 125°C be damaged or have its useful life impaired. Functional operation under 
: these conditions is not implied. 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
_ Ground Pin —0.5V to +7.0V Recommended Operating 

Input Voltage (Note 2) —0.5V to +7.0V Conditions 

Input Current (Note 2) —30 mA to +5.0mA Free Air Ambient Temperature 

Voltage Applied to Output Military —55°C to + 125°C 
in HIGH State (with Vcc = OV) Commercial 0°C to +70°C 


Standard Output —0.5V to Voc 
TRI-STATE Output ~0.5V to +5.5V aa eee 


Commercial +4.5V to +5.5V 


Note 2: Either voltage limit or current fimit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter Conditions 
| 
Vin | imputiiGH Voltage | 20 | |__| Recognized as a HIGH Signal 
Vii | mputtowvotage | 8 | Vv |_| Recognized as a LOW Signal 
2.5 


VoH Output HIGH 54F 10% Voc lon = —1mA (ERR, MERR, DBp, CB,) 
Voltage 54F 10% Voc | 2. = —3 mA (DBp, CBp) 

74F 10% Voc | 2. . Vv | min | [OH = ~1mA (ERA, MERR, DBp, CB,) 
-  74F 10% Vocg |} 2. loH = —3 mA (DBp, CBp) 

74F 5% Voc | 2. _ | lon = —1 mA (ERR, MERR, DB, CBp) 


74F 5% Voc 


loH = —3mA (DBp, CB,) 


loL = 20 mA (ERR, MERR, DBy, CB,) 
lol = 20 mA (ERR, MERR) 


VIN = 2.7V (So, $1, OEBn, OECB, LEDBO) 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 
74F 10% Voc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Input HIGH Current 54F 
Breakdown (I/O) 74F 


Output HIGH 54F 
Leakage Current 74F 


Input LOW Current 
ha + loz 
in + loz. 
loz 
los =60_ = 150|_mA_| Max | Vour = ov 
I2z pA Vour’= 828085: DEa) 
loo 340 |_mA_| Max | Ta = 0rC-25°C 
loo Max | Ta = 25°0-70°C 





aSjooo 


_— 
oO 
Oo 


VIN = 7.0V (So, $1, OEBn, OECB, LEDBO) 


=IN 
° 


Vin = 5.5V (CBp, DB,) 


2; 
ao 


Le) 
an 
o 


Vout = Vcc 


an 
(=) 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


| Max | Vin = 0.5V (So, $1, OEBn, OECB, LEDBO) 
70 | pA | Max | Vio = 2.7V (CBp, DBn) 

—650| pA | Max | Vio = 0.5V (CBn, DBn) 
70 | pA | Max | Vio = 2.7V (CB, DBn) 

Max | Vio = 0.5V (CBp, DBn) 


3.7 


= = 
g | 2 


‘= = 3 = = 
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Ta = +25°C i 
a Ta; Vcc = Mil Ta, Vcc = Com 
Symbol Parameter Vec = +5.0V C, = 50 pF C, = 50 pF 


C_ = 50 pF 
Min Typ 


tPLH Propagation Delay 4.0 14.0 27.0 4.0 31.0 
tpHL DB or CB to ERR 4.0 10.5 18.0 4.0 20.0 


tpLH Propagation Delay 4.0 21.0 27.0 4.0 31.0 
tpHL DB to ERR 4.0 14.0 18.0 4.0 20.0 


teLH Propagation Delay 5.0 17.0 27.0 5.0 31.0 
teHL DB or CB to MERR 5.0 16.0 27.0 5.0 31.0 


tpLH Propagation Delay 5.0 23.0 27.0 5.0 31.0 
tPHL DB to MERR 5.0 19.0 27.0 5.0 31.0 


teLH Propagation Delay 4.0 12.0 16.0 4.0 20.0 
tPHL So and Sj, LOW, to DB 4.0 12.0 16.0 4.0 20.0 


teLH Propagation Delay 4.0 10.5 14.0 4.0 15.0 
tpHL 4.0 9.0 14.0 : 4.0 15.0 


tpLH Propagation Delay 
So orS;toERRorMERR | 7° 11.5 13.0 2.0 14.0 


teLH Propagation Delay 4.0 16.0 23.0 4.0 25.0 
tPHL 4.0 18.0 23.0 4.0 25.0 


tPLH Propagation Delay 2.0 11.0 13.0 : 14.0 
tpHL BO to DB 2.0 11.0 . 13.0 


tpZ7H put Enable Time 1.0 6.0 10.0 
tezL EB, to DB 10.0 


© 
~ 
{eo} 
i?) 
ies] 


oO 
wo 
So 
Q 
w 


O/F 
m 
Blog 


— 


[e) 
oR Ko) 


1e) 


6.0 
tpHz utput Disable Time 1 5.0 10.0 
tpLz OEB, to DB 1. 4.0 10.0 
tpzH Output Enable Time 1. 6.0 10.0 
tpzL ECBtoCB ° 1. 6.0 10.0 


Oo 


fe) 


tpHz Output Disable Time 
tpLz OECB to CB 
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AC Operating Requirements: see Section 2 for Waveforms 


7 i (EZ 


Ta = +25°C 
Vec = +5.0V 


Symbol Parameter Tas Vcc = Mil Ta, Voc = Com 


Setup Time, HIGH or LOW 
DB/CB before Sg HIGH (S; HIGH) 


Setup Time, HIGH 
So HIGH before LEDBO HIGH 


Setup Time, HIGH 
LEDBO HIGH before Sp or S; LOW 


Setup Time, HIGH 
LEDBO HIGH before S; HIGH 


Setup Time, HIGH or LOW 
Diagnostic DB before S; HIGH 


Setup Time, HIGH or LOW 
Diagnostic CB before 
S1 LOW or So HIGH 


Setup Time, HIGH or LOW 
Diagnostic DB before 
LEDBO HIGH (S; LOW, Sg HIGH) 


Hold Time, LOW 
So LOW after S; HIGH 


Hold Time, HIGH or LOW 
DB and CB Hold after Sg HIGH 


Hold Time, HIGH or LOW 
DB Hold after S; HIGH 


Hold Time, HIGH or LOW 
CB Hold after S; LOW or Sp HIGH 


Hold Time, HIGH or LOW 
Diagnostic DB after 
LEDBO HIGH (S; LOW, So HIGH) 


tw(L)* LEDBO Pulse Width 


teorr* Correction Time 
*Note: These parameters are guaranteed by characterization or other tests performed. 


28.0 
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GA National 


Semiconductor 


54F/74F640 ¢ 54F/74F643 ¢ 54F/74F645 
Octal Bus Transceiver with TRI-STATE® Outputs 


General Description 


These devices are octal bus transceivers designed for asyn- 
chronous two-way data flow between the A and B busses. 
Both busses are capable of sinking 64 mA, have TRI- 
STATE outputs, and a common output enable pin. The di- 
rection of data flow is determined by the transmit/receive 
(T/R) input. The F645 is a high speed/low power version of 
the 'F245. The ’F640 is an inverting option of the 'F645. The 
"F643 has a noninverting A bus and an inverting B bus. 


Ordering Code: see Section 5 
Logic Symbol 


Bo B, By Bs B, Bs Bg B7 


Ay Ay Ag Az Ay As Ag Az 


Unit Loading/Fan Out: see ae for ULL. definitions 


a 7c ee 
Description ULL. Input lin/li. 
HIGH/LOW Output Ion/loL 


Output Enable Input 
(Active LOW) 
Transmit/Receive Input 
Side A Inputs or 
TRI-STATE Outputs 
Side B Inputs or 
TRI-STATE Outputs 


1.0/1.0 


1.0/1.0 
3.5/0.667 

600/106.6 (80) 
3.5/0.667 


TL/F/10267-3 


20 pA/—0.6 mA 


Features 

m Designed for asynchronous two-way data flow between 
busses 

m Outputs sink 64 mA 

m Transmit/receive (T/R) input controls the direction of 
data flow 

w Guaranteed 4000V minimum ESD protection 

m 'F645 is a lower power, faster version of the ’F245 

g 'F640 is an inverting option of the ’F645 

m ’F643 has noninverting A bus and inverting B bus 


Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 


oo st Om Oe WwW NR 


TL/F/10267-1 


20 pA/—0.6 mA 
70 pA/—0.4 mA 
— 12 mA/64 mA (48 mA) 
70 pA/—0.4 mA 
600/106.6 (80) | — 12 mA/64 mA (48 mA) 


Pin Assignment for LCC 


Ag As Ay Az Ap 
BOO 
ane 


By Bs B) By By 


TL/F/10267~-2 
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Functional Description 


The output enable (OE) is active LOW. If the device is dis- 
abled (OE HIGH), the outputs are in the high impedance 
state. The transmit/receive input (T/R) controls whether 
data is transmitted from the A bus to the B bus or from the B 
bus to the A bus. When T/R is LOW, B data is sent to the A 
bus. If T/R is HIGH, A data is sent to the B bus. 


Function Table 


wa] reso | reas | roa 


Bus B data to Bus A | Bus B data to BusA | Bus B data to BusA 
Bus A data to Bus B | Bus A data to Bus B | Bus A data to Bus B 


High voltage level 
Low voltage level 
Don't care 
High-impedance state 





H 
L 
X 
Z 


Logic Diagrams 


TL/F/10267-4 


TL/F/10267-5 


TL/F/10267-6 
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Absolute Maximum Ratings (Note 1) 


lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0mA 


—0.5V to Veo 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Vin Input HIGH Voltage 
Vin Input LOW Voltage 
Vop Input Clamp Diode Voltage 


VoH Output HIGH 54F 10% Voc 2.0 
Voltage 74F 10% Voc 2.0 


VoL Output LOW 54F 10% Vcc 
Voltage 74F 10% Voc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Input HIGH Current 54F 
Breakdown (I/O) 74F 


Output HIGH 54F 
Leakage Current 74F 


Input Leakage 74F 4.75 
Test 
Output Leakage 
Circuit Current a 


Min 


NH + loz 
ht + loz. 
=100 
iz 
loc 
loc 
loch 
loo 
Iocz Power Supply Current (’F643) 
loch 
loc 
lcoz 


54F/74F 
Typ 


nm 

° 
= 
3) 
x 


= =e ]E = = = = 


ot IN ao NSO °S 
maoaolo oO 9S an 
o;an r 


“I : a 
ai ° 


Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. ; 
Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+ 4,.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18 mA (Non I/O Pins) 


loH = —12 mA (An, Bp) 


lo, = 48 mA (Ap, Bn) 
lo. = 64 mA (Ap, Bn) 


Vin = 2.7V (Non I/O Pins) 


| 
-_— 
ine) 


Vin = 7.0V (Non I/O Pins) 
Vin = 5-5V (An, Bn) 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (Non I/O Pins) 
Vout = 2.7V (An, Bn) 

Vout = 0.5V (An, Bn) 

VouT = OV 

Vout = 5.25 

Vo = HIGH, Vin = 0.2V 

Vo = LOW 

Vo = HIGHZ 

Vo = HIGH, Vin = 0.2V (Ap) 
Vo = LOW, Vin = 0.2V (Bp) 
Vo = HIGHZ 

Vo = HIGH 

Vo = LOW, Vin = 0.2V 

Vo = HIGHZ 


x wo 
a 


o}z2 
2/8 
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°F640 AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
Min | Typ Max 


Propagation Delay 2.5 
A Input to B Output 2.0 
Propagation Delay 2.5 
B Input to A Output 2.0 
Enable Time 2.5 
OE Input to A Output 2.5 
Disable Time 1.5 
OE Input to A Output 1.5 
Enable Time 2.5 
OE Input to B Output 2.5 
Disable Time 1.5 
OE Input to B Output 1.5 


Ta = +25°C 
Parameter Vec = +5.0V 


Propagation Delay 2.5 
A Input to B Output 2.0 
Propagation Delay 1.5 
B Input to A Output 2.0 
Enable Time 2.5 
OE Input to A Output 2.5 
Disable Time 1.5 
OE Input to A Output 1.0 
2.5 
2.5 
1.5 
1.5 


Enable Time 


OE Input to B Output 
Disable Time 


OE Input to B Output 
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"F645 AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Propagation Delay 

A Input to B Output 
Propagation Delay 

B Input to A Output 
Enable Time 

OE Input to A Output 
Disable Time 

OE Input to A Output 
Enable Time 

OE Input to B Output 


Disable Time 


OE Input to B Output 


Min Typ Max_| Min Max | Min Max _ 


1.5 
2.0 


1.5 
2.0 


2.5 
2.5 
1.5 
1.0 
2.5 
2.5 
1.5 
1.0 


Ta = +25°C 
Vec = +5.0V 
C, = 50 pF 


6.0 
7.0 
6.0 
7.0 
8.0 


8.5 


7.0 
5.5 
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Ta: Vec = Mil 
C, = 50 pF 


2.0 
1.5 
2.0 
2.0 
2.0 


1.0 
1.0 


2.0 
2.5 


1.0 
1.0 
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Semiconductor 


54F/74F646 ¢ 54F/74F648 


Octal Transceiver/Register with TRI-STATE® Outputs 


General Description 


These devices consist of bus transceiver circuits with TRI- 
STATE, D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the input bus 
or from the internal registers. Data on the A or B bus will be 
clocked into the registers as the appropriate clock pin goes 
to a high logic level. Control G and direction pins are provid- 
ed to control the transceiver function. In the transceiver 
mode, data present at the high impedance port may be 
stored in either the A or the B register or in both. The select 
controls can multiplex stored and real-time (transparent 
mode) data. The direction control determines which bus will 
receive data when the enable control G is Active LOW. In 
the isolation mode (control G HIGH), A data may be stored 
in the B register and/or B data may be stored in the A regis- 
ter. 


Ordering Code: see Section 5 


Logic Symbols 


cpap 40 Ay Az As Ag As Ag Az 


TL/F/9580-1 


TL/F/9580-4 


Features 

Independent registers for A and B buses 

w Multiplexed real-time and stored data 

m Choice of true and inverting (F648) data paths 
mg TRI-STATE outputs 

gw 300 mil slim DIP 

m Guaranteed 4000V minimum ESD protection 


TL/F/9580-7 


TL/F/9580-9 
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Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 
F646 


oo nt Dm Om mR WwW HS 


TL/F/9580-2 


Pin Assignment 
for LCC 
F646 
As Ag Ax NC Ap Ay Ap 
1) fo 2) ) 2 ) ) 
a a a 


O 
19] 29 (21) 2a) 23) Bal BS) 
By Bz By NC By By G 
TL/F/9580-3 
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Pin Assignment 
for DIP, SOIC and Flatpak 
F648 


on Om ner WD 


TL/F/9580-8 


Pin Assignment 
for LCC 
F648 


As Ag Az NC Ap Ay Ay 
ooo) 
a 


TL/F/9580-10 





Unit Loading/Fan Out: see Cee 2 for U.L. definitions 


a 7 ee 
Description ULL. Input ha/Ne 
HIGH/LOW Output Ion/lot 


Data Register Alnputs/| 3.5/1.083 70 pA/—650 pA 
TRI-STATE Outputs 600/106.6 (80) | — 12 mA/64 mA (48 mA) 
Data Register B Inputs/ 3.5/1.083 70 pA/—650 pA 
TRI-STATE Outputs 600/106.6 (80) | — 12 mA/64 mA (48 mA) 
CPAB, CPBA | Clock Pulse Inputs 1.0/1.0 20 pA/—0.6 mA 
SAB, SBA Select Inputs 1.0/1.0 20 pA/-0.6 mA 
G Output Enable Input 1.0/1.0 20 pA/—0.6 mA 
DIR Direction Control Input 1.0/1.0 20 pA/—0.6 mA 
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Function Table 
Inputs Data !/0* 
CPAB CPBA SAB Bo-B7 


Horl HorLl 
a as X 


Function 


” 
is) 
> 


Isolation 
Clock An Data into A Register 
Clock Bp Data into B Register 


Ap to Bp—Real Time (Transparent Mode) 
Clock A, Data into A Register 

A Register to Bp, (Stored Mode) 

Clock Ap Data into A Register and Output to Bh 


ff 
Xx X 
/ X 
Output 
Horl x P 
X 
X Br to Anp—Real Time (Transparent Mode) 
Sf Clock Br Data into B Register 
orL B Register to A, (Stored Mode) 
X Ke Clock Bp Data into B Register and Output to A, 
*The data output functions may be enabled or disabled by various signals at the G and DIR Inputs. Data input functions are always enabled; i.e., data at the bus 
pins will be stored on every LOW-to-HIGH transition of the clock inputs. 


= HIGH Voltage Level 
L = LOW Voltage Level 
X = Irrelevant 
—/~ = LOW-to-HIGH Transition 


ie 
X 
: Output 


G 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 


m~oeeyrTrTrTrTl KK SK 
<x «KK KPC oH ol KK XK 
irre KKK KI KK XK 
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Logic Diagrams (Continue) 


1 OF 8 CHANNELS 


Ppewmewmweeewvaere2 ee a= a 
Cee emwmreoeweeraweaeceerece = 


TO 7 OTHER CHANNELS 
TL/F/9580-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Logic Diagrams (Continueq) 


1 OF 8 CHANNELS 


emeaeaeewrwrwroaeaeaeacaeoavaeen d 


Peeweeeeewzreowraowaeeoe 
bower ame eereweewreeawoee = 


TO 7 OTHER CHANNELS 
TL/F/9580-6 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





4-531 


879 e 979 


646 © 648 


Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to +125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Vcc = OV) 


Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) twice the rated lo. (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to + 7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to +5.5V 


Note 2: Either voltage limit or. current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


Input HIGH Voltage 2.0 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 
Voltage 


Output LOW 
Voltage 


54F 10% Vcc 
74F 10% Voc 


Input HIGH 54F 
Current — 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Input HIGH Current 54F 
Breakdown (I/O) 74F 


Output HIGH _- 54F 
Leakage Current 74F 


Input Leakage 


Output Leakage 
Circuit Current 


Input LOW Current 


iH + lozH | Output Leakage Current 


Ne + loze 
los Output Short-Circuit Current 


Output Leakage Current 


lzz Bus Drainage Test 
ICCH Power Supply Current 
lect Power Supply Current 


lecz Power Supply Current 


54F/74F 


54F 10% Voc 
74F 10% Voc 


Test Cee 


—100 —225 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 126°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18 mA (Non I/O Pins) 
lo = —12 mA (An, Bn) 

lon = —15 mA (Ap, Bp) 

lo. = 64 MA (An, Bn) 


20.0 Vin = 2.7V (Non I/O Pins) 


on 
° 


Vin = 7.0V (Non I/O Pins) 


= |N 
o/|o 


Vin = 5.5V (Ap; Bn) 


°o 
roa) 


i Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (Non I/O Pins) 
Vout = 2.7V (An, Bn) 
Vout = 0.5V (An; Bn) 
Vout = OV 
Vout = 5.25V 
Yo = HIGH 

= LOW 
Vo = HIGHZ 


= 
» 
x 


= 
» 
* 


tle |]3] r 
ABSA T-T> 


j=) 
° 
< 


= 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ee ee 
Ta = +25°C 2. 
Parameter Voc = +5.0V ys pci = 
C_ = 50 pF L p 


Maximum@lock Frequency | 90 | 75 | 8M 
, 2.0 8.0 
2.0 9.0 
1.0 7.5 
1.0 7.0 
2.0 9.0 


7.0 2.0 


8.5 

9.5 
7.0 1.0 8.0 
6.5 1.0 8.0 


8.0 2.0 


Propagation Delay 
Clock to Bus 

Propagation Delay 
Bus to Bus (’F646) 


8.5 1.0 10.0 


7.5 1.0 9.0 1.0 8.0 


2.0 

2.0 

1.0 

1.0 

Propagation Delay 2.0 

Bus to Bus (’F648) 1.0 
Propagation Delay 2.0 8.5 2.0 11.0 2.0 9.5 
SBA or SAB to A or B 2.0 8.0 2.0 10.0 2.0 9.0 
Enable Time 2.0 8.5 2.0 10.0 2.0 9.0 
OE toAorB 2.0 12.0 2.0 13.5 2.0 12.5 
Disable Time 1.0 75 1.0 9.0 1.0 8.5 

OE toAorB 2.0 

2.0 

2.0 

1.0 

2.0 


9.0 2.0 11.0 2.0 9.5 
Enable Time 


14.0 2.0 16.0 2.0 15.0 
DIR toAorB 13.0 2.0 15.0 2.0 14.0 
Disable Time 


9.0 1.0 10.0 1.0 9.5 
DIR toAorB 11.0 2.0 12.0 2.0 11.5 


AC Operating Requirements: See Section 2 for Waveforms 


Ta = +25°C 
Vec = +5.0V 


Parameter Tas Voc = Mil Ta, Vec = Com 


Setup Time, HIGH or LOW 5.0 5.0 5.0 
Bus to Clock 5.0 5.0 5.0 
Hold Time, HIGH or LOW 2.0 2.5 2.0 
Bus to Clock 2.0 2.5 2.0 
Clock Pulse Width 5.0 5.0 5.0 
HIGH or LOW 5.0 5.0 5.0 
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Semiconductor 


ZANational | 


54F/74F651 © 54F/74F652 
Transceivers/Registers 


General Description 


These devices consist of bus transceiver circuits with 


D-type flip-flops, and control circuitry arranged for multi- 


plexed transmission of data directly from the input bus or 
from internal registers. Data on the A or B bus will be 
clocked into the registers as the appropriate clock pin goes 
to HIGH logic level. Output Enable pins (OEAB, OEBA) are 
provided to control the transceiver function. 


Ordering Code: see Section 5 
Logic Symbols 


Features 

@ Independent registers for A and B buses 

mg Multiplexed real-time and stored data 

m@ Choice of non-inverting and inverting data paths 
— ’F651 inverting 
— ’F652 non-inverting 

m Guaranteed 4000V minimum ESD protection 


Connection Diagrams 


Pin Assignment 


lEEE/IEC IEEE/IEC DIP, SOIC and Flatpak 


EN1(BA) _ OEBA EN1 (BA) 
EN2 (AB) EN2 (AB) 


1 

2 
3 
4 
5 
6 
7 
8 
9 


TL/F/9581-3 


Pin Assignment 

‘ for LCC 
As Ag Az NC Ap Ay Ay 
fy) fo) (3) {6} 5) 


OEAB 


Bo By By Bz By Bs Bg By 


TL/F/9581-2 


5.8 ,8,8,8,8 
TL/F/9581-11 © Bo ol BS ba BS 
B, Bs B. NC By By OBA 


TL/F/9581-4 
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Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


Description ULL. Input yy/ie 
HIGH/LOW Output Ion/lo 


Ag—A7, Bo—-B7 | A and B Inputs/ 20 pA/—0.6 mA 
TRI-STATE® Outputs | 600/106.6 (80) | — 12 mA/64 mA (48 mA) 
CPAB, CPBA | Clock Inputs 20 pA/—0.6 mA 
SAB, SBA Select Inputs 20 pA/—0.6 mA 
OEAB, OEBA | Output Enable Inputs 20 pA/—0.6 mA 


Logic Diagrams 


id 
i) 
i) 
t] 
‘ 
t] 
‘ 
i] 
t] 


TO 7 OTHER CHANNELS 
TL/F/9581-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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651652 


Logic Diagrams (Continued) 


TO 7 OTHER CHANNELS 


TL/F/9581~12 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Functional Description 


In the transceiver mode, data present at the HIGH imped- 
ance port may.be stored in either the A or B register or both. 
The select (SAB, SBA) controls can multiplex stored and 
real-time. 


The examples in Figure 7 demonstrate the four fundamental 
bus-management functions that can be performed with the 
Octal bus transceivers and receivers. 


Data on the A or B data bus, or both can be stored in the 
internal D flip-flop by LOW to HIGH transitions at the appro- 
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priate Clock Inputs (CPAB, CPBA) regardless of the Select 
or Output Enable Inputs. When SAB and SBA are in the real 
time transfer mode, it is also possible to store data without 
using the internal D flip-flops by simultaneously enabling 
OEAB and OEBA. In this configuration each Output reinforc- 
es its Input. Thus when all other data sources to the two 


‘sets of bus lines are in a HIGH impedance state, each set of 


bus lines will remain at its last state. 





Note A: Real-Time Note B: Real-Time Note C: Storage Note D: Transfer Storage 
Transfer Bus B to Bus A Transfer Bus A to Bus B DatatoAorB 


poemonypronoesy 


cS9e1S9 


oH, 


Halil TT 
se yp tet TL/F/9581-8 ————-—--____—_—' 


TL/F/9581-6 * TL/F/9581-7 OEAS OEGA CPAB CPBA SAB SBA TL/F/9581-9 


OEAB OEBA CPAB CPBA SAB SBA OEAB OEBA CPAB CPBA SAB SBA x H ~ x x x OEAB OEBA CPAB CPBA SAB SBA 
L x x x L H H x x L x t x x sz xX x H t  HorlL Hort H x 
L H Fo Hr eX x 


FIGURE 1 


Inputs Inputs/Outputs (Note 1) Operating Mode 
CPBA Apo thru Az Bo thru B7 
Store A and B Data 


| input = Not Specified Store A, Hold B 


| input | Output Store A in Both Registers 
Not Specified Input Hold A, Store B 
‘Output Store B in Both Registers 


Output Real-Time B Data to A Bus 


OEAB OEBA CPAB 
HorL 


m 


Isolation 


= 
Vie 

° 

ead 


pi 
fe} 
= 
rc 


Spee 


ale 
° 
4 
r 


Store B Data to A Bus 
Real-Time A Data to B Bus 
Stored A Data to B Bus 


Stored A Data to B Bus and 
Stored B Data to A Bus 


Output 


L 
X 
H 
L 
L 
L 
L 
H 
H 


=x 


Output 


x 

eo |x |x |x \ 

El 
= 

x |x }o |x \ \ \ 
— 


= HIGH Voltage Level 
= LOW Voltage Level 

X = Immaterial 

~~ = LOW to HIGH Clock Transition 

Note 1: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, i.e., data at the 
bus pins will be stored on every LOW to HIGH transition on the clock inputs. 


H 
L 
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Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, Voltage Applied to Output 

please contact the National Semiconductor Sales in HIGH State (with Vcc = OV) 

Office/Distributors for availability and specifications. Standard Output —0.5V to Voc 
Storage Temperature —65°C to + 150°C TRI-STATE Output —0.5V to + 5.5V 
Ambient Temperature under Bias —55°C to + 125°C Current Applied to Output 

Junction Temperature under Bias —55°C to + 175°C mLOW state (Max) twice the rated Io, (mA) 
Voc Pin Potential to ESD Last Passing Voltage (Min) 4000V 


Ground Pin » =0, SV to +7.0V : 
Input Voltage (Note 2) - -08Vto +7.0V Recommended Operating 


Input Current (Note 2) —30 mA to +5.0 mA Conditions 


Note 1: Absolute maximum ratings are values beyond which the device may Free Air Ambient Temperature 
be damaged or have its useful life impaired. Functional operation under Military — 55°C to + 125°C 


these conditions is not implied. Commercial 0°C to + 70°C 
Note 2: Either voltage limit or current limit is sufficient to protect inputs. Supply Voltage 


Military +4,5V to +5.5V 
Commercial +4,5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter _ Serge 


Conditions 


Vin Input HIGH Voltage 2.0 


Vin input LOW Voltage ae 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18 mA (Non I/O Pins) 


lon = —12 mA (Ap, Br) 
loH = —15 MA (An, Bn) 


lo. = 48 mA (Ap, Bp) 
lo. = 64 mA (Ap, By) 


Vin = 2.7V 
(Non I/O Pins) 


Vin = 7.0V 


Vop Input Clamp Diode Voltage 


Vou Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 


Output LOW 54F 10% Voc 0.55 
Voltage 74F 10% Voc 0.55 
Input HIGH 

Current — 

Input HIGH Current 100 
Breakdown Test 

Input HIGH Current 

Breakdown (I/O) 


Output HIGH 
Leakage Current 


™N 
°o 


Vin = 5.5V 
(An: Bn) 


Vout = Vcc 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


lip = 1.9 pA 
All Other Pins Grounded 


Viliop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (Non I/O Pins) 
Vout = 2.7V (An, Bn) 
Vout = 0.5V (An; Bn) 
Vout = 0V 

VouT = 5.25V 

Vo = HIGH 

Vo = LOW 

Vo = HIGHZ 


Input LOW Current 
iy + lozH | Output Leakage Current 
lit + lozL | Output Leakage Current 


los Output Short-Circuit Current —100 —225 
iz Bus Drainage Test eee 


IocH Power Supply Current 


loot__| Power Supply Current 
locz__| Power Supply Current 


a 
ee 
2} te 
Bc 
fm 
nc 
z fate 
aa lie 
o| vA | Max | 
| vA | Max 
| mA_|_ Max | 
| HA | ov | 
S| ma | we 
| ma_| Max | 
o | ma_| Max | 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
aa TS = 50 pF 


Ta; Vec = Mil 
C._ = 50 pF 


Max. Clock Frequency ee eo 


Propagation Delay 

Clock to Bus re A ae a 
Propagation Delay 2.0 8.5 1.0 9.0 2.0 
Bus to Bus (’F651) 1.0 7.5 1.0 8.0 1.0 
Propagation Delay 1.0 7.0 1.0 8.0 1.0 
Bus to Bus (’F652) 1.0 6.5 1.0 8.0 1.0 
Propagation Delay 2.0 8.5 2.0 11.0 2.0 
SBA or SAB to A orB 2.0 8.0 2.0 10.0 2.0 


AC Operating eae See Section 2 for Waveforms 


a = +25°C 


Enable Time 2.0 ae __t 2.0 10.0 Hea ; 

*OEBAtoA 2.0 12.0 2.0 10.0 2.0 12.5 
Disable Time 1.0 7.5 1.0 9.0 1.0 8.0 
*OEBAtoA 2.0 8.5 1.0 9.0 2.0 9.0 


Enable Time 2.0 9.5 2.0 10.0 2.0 10.0 
OEAB to B 3.0 13.0 2.0 12.0 3.0 14.0 
Disable Time 2.0 9.0 ‘ 9.0 ; : 10.0 
OEAB to B 2.0 10.5 12.0 11.0 
Setup Time, HIGH or 5.0 5.0 

LOW, Bus to Clock 5.0 5.0 

Hold Time, HIGH or 2.0 2.0 . 
LOW, Bus to Clock 2.0 2.0 

Clock Pulse Width 5.0 5.0 

HIGH or LOW 5.0 5.0 
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ZA Nationat 


Semiconductor 


54F/74F657 Octal Bidirectional Transceiver 
with 8-Bit Parity Generator/Checker 


and TRI-STATE® Outputs 


General Description 
The ’F657 contains eight non-inverting buffers with 


TRI-STATE® outputs and an 8-bit parity generator/checker. 
It is intended for bus-oriented applications. The buffers have 
a guaranteed current sinking capability of 24 mA (20 mA mil) 
at the A port and 64 mA (48 mA mil) at the B port. 


Ordering Code: see Section 5 
Logic Symbols 


IEEE/IEC 


oan OmMNrar wn — 


—_ 
eo = 2 


By B; By By B, Bs Bg By PARITY 


TL/F/9584-1 


Pin Assignment 
for DIP, SOIC 
and Flatpak 


Features 

@ 300 Mil 24-pin slimline DIP 

m Combines ’F245 and ’F280A functions in one package 
m TRI-STATE outputs 

g@ B Outputs sink 64 mA (48 mA mil) 

™ 12 mA source current, B side 

m@ Input diodes for termination effects 


Connection Diagrams 


Pin Assignment 
for LCC 
Bs Bg By NC PARERR ODD/EVEN 
7 fo (2) (6) (5) 
Sen 8 8 





By OE T/RNC Ay Ay Ap 
TL/F/9584~-3 


TL/F/9584-2 
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Unit Loading/Fan Out: see Section 2 a a U.L. definitions 


a 2 ee 
Description ULL. Input tiw/hie 
HIGH/LOW Output !on/loL 


4.5/0.15 
150/40 (33.3) 
3.5/0.117 
600/106.6 (80) 
2.0/0.067 
2.0/0.067 
3.5/0.117 
600/106.6 (80) 
1.0/0.033 
600/106.6 (80) 


Data Inputs/ 
TRI-STATE Outputs 
Data Inputs/ 
TRI-STATE Outputs 
Transmit/Receive Input 
Enable Input 

Parity Input/ 
TRI-STATE Output 
ODD/EVEN Parity Input 
Error Output 


Functional Description 


The Transmit/Receive (T/R) input determines the direction 
of the data flow through the bidirectional transceivers. 
Transmit (active HIGH) enables data from the A port to the 
B port; Receive (active LOW) enables data from the B port 
to the A port. 

The Output Enable (OE) input disables the parity and 
ERROR outputs and both the A and B ports by placing them 
in a HIGH-Z condition when the Output Enable input is 
HIGH. 


When transmitting (T/R HIGH), the parity generator detects 
whether an even or odd number of bits on the A port are 
HIGH and compares these with the condition of the pari- 


90 pA/— 90 pA 
—3 mA/24 mA (20 mA) 
70 pA/—70 pA 
—12 mA/64 mA (48 mA) 
40 pA/—40 pA 
40 pA/—40 pA 
70 pA/—70pA 
— 12 mA/64 mA (48 mA) 
20 pA/—20 pA 
—12 mA/64 mA (48 mA) 


ty select (ODD/EVEN). If the Parity Select is HIGH and an 
even number of A inputs are HIGH, the Parity output is 
HIGH. 


In receiving mode (T/R LOW), the parity select and number 
of HIGH inputs on port B are compared to the condition of 
the Parity input. If an even number of bits on the B port are 
HIGH, the parity select is HIGH, and the PARITY input is 
HIGH, then ERROR will be HIGH to indicate no error. If an 
odd number of bits on the B port are HIGH, the parity select 
is HIGH, and the PARITY input is HIGH, the ERROR will be 
LOW indicating an error. 


Function Table 


Number of 
Inputs That 
Are High 


0, 2, 4, 6, 8 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 


H 
H 
L 
L 
L 
L 
H 
H 
L 
L 
L 
L 


x= 
x< 
x 


Immaterial 


H = HIGH Voltage Level 
= LOW Voltage Level 

X = Immaterial 

Z = High Impedance 


Function Table 


Bus B Data to BusA 
Bus A Data to Bus B 
High-Z State 
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—2E_| wh | _onpveven | __paty _| ERROR _| 


H Z 
t L Z 
H H H 
H L L 
L H L 
L L H 
H L Z 
L H Z 
H H L 
H L H 
L H H 
L L L 





Outputs 


2 


Outputs Mode 


Transmit 
Transmit 
Receive 
Receive 
Receive 
Receive 


Transmit 
Transmit 
Receive 
Receive 
Receive 
Receive 


N 
N 


H = HIGH Voltage Level 
= LOW Voltage Level 
X = Immaterial 
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Functional Block Diagram 


VIVIVIV UY LY 


VI. 


2 GROUND PINS 
1 Vog PIN 


7+ 
' 
Tt 
ro) 
w 
fo) 
~ 
ue 
~ 
a 
= 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Vin 
ViL 
Vep 


—1, 
VoH 25 
2.4 
2.0 
25 
2.4 
2.0 
2.7 


2.7 


Output HIGH 
Voltage 


54F 10%Vcoc 
54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Vcc 
74F 10% Voc 
74F 5% Voc 

74F 5% Voc 


54F 10% Voc 
54F 10% Vcc 
74F 10% Voc 
74F 10% Voc 


hin Input HIGH Current 


Input HIGH Current 

Breakdown Test 

Input HIGH Current 

Breakdown Test (I/O) 
lit Input LOW Current 


loZH Output Leakage Current 
loz- Output Leakage Current 


fi + lozH | Output Leakage Current 
lit + loz_ | Output Leakage Current 


los Output Short-Circuit Current 


Output LOW 
Voltage 


hy 
oo 


IBvI 


= 
oO 
Oo 


Ipvit 


| 
dh [ ¢ 
oo 


—60 
—100 


IcEx Output HIGH Leakage 


Current 





Izz 

ICcH 
loc 
Iccz 


150 


— 
ms 
a 
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input LOWVotage ———+|—SSSCSCi 





llon] lia 
slS6dl|a 


~_ wo — 


po 
oo ( 
EIB3E)] 3 © JE \E] ¥ 3 
3i3i3isjae5] 2/3 /3 [55/3] 2/513] < |< |<<] £ 
= 
je) 
b4 


Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
O°C to + 70°C 


+4,5V to +5.5V 
+4,5V to +5.5V 


Vo Conditions 


Oo 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mA (Ap) re 
lon = —3 mA (Ap, Bp, Parity, ERROR) 
lon = —12 mA (Bp, Parity, ERROR) 
lon = —1mA (Ap) 

lod = —3 mA (Ap By, Parity, ERROR) 
lon = —15 mA (Bp, Parity, ERROR) 
lon = —1mA (Ap) 

lon = ~3 mA (Ap, By, Parity, ERROR) 
lo. = 20 mA (Ap) 

lo. = 48 mA (Bp, Parity, ERROR) 

lo. = 24 mA (Ap) _ 

lo. = 64 mA (Br, Parity, ERROR) 

Vin = 2.7V (ODD/EVEN) 

Vin 2.7V (T/R, OE) 

Vin = 7.0V (T/R, OE, ODD/EVEN) 


= 
> 


eh) 
xx 


= 
> 
< 
Q 
i?) 
ll 
° 


Vin = 5.5V (Parity, Bp) 
Vin = 5.5V (Ap) 


Vin = 0.5V (ODD/EVEN) 
Vin = 0.5V (T/A, OE) 


Vout = 2.7V (ERROR) 
ax Vout = 0.5V (ERROR) 


Vivo = 2.7V (Bp, Parity) 
Vivo = 2.7V (An) 


Vi/o = 0.5V (Bn, Parity) 
Vivo = 0.5V (An) 


Vout = OV (Ay) 
Vout = OV (Bp, Parity, ERROR) 


Vout = Vcc (ERROR) 

Vout = Vcc (Bp; Parity) 

Vout = Vcc (An) 

Vout = 5.25V (An, Bn, Parity, ERROR) 
Vo = HIGH 

Vo = LOW 

ax | Vo =HIGHZ 


Ha 
» © 
x x 


| 


<= 
» 
x 


> 


3 
> 


Flele sleee| |e 
m@/|C!] @ pm @ > 
xIi<|x k & x * 





Zs9 





657 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


tpLH Propagation Delay 
teHL An to Bn: Bn to An 


tpLH Propagation Delay 
tpHL An to Parity 


teLH Propagation Delay 
tPHL ODD/EVEN to PARITY 


tpLH Propagation Delay 
tPHL ODD/EVEN to ERROR 


tPLH Propagation Delay 
tPHL Bn to ERROR 


tPLH Propagation Delay 
teHe PARITY to ERROR 


tpZH Output Enable Time 
tpz. OE to Ap/Bn 


tpHz Output Disable Time 


tpzH Output Enable Time 
tpz_ OE to ERROR (Note 1) 


tpHz Output Disable Time 
tpLz OE to ERROR 


tpzH Output Enable Time 
tpzZL OE to PARITY 


tpHz Output Disable Time 
tpLz OE to PARITY 


2.5 
3.0 


6.5 
7.0 


4.5 
4.5 
4.5 
4.5 


8.0 
8.0 


7.0 
7.5 


3.0 
4.0 


1.0 
1.0 


3.0 
4.0 


1.0 
1.0 


3.0 
4.0 


1.0 
1.0 


4.5 
4.9 


10.1 
10.9 


7.8 
8.8 


7.5 
8.2 


14.0 
15.0 


10.8 
11.8 


5.0 
6.5 


4.5 
4.9 


5.0 
7.7 


4.5 
4.9 


5.0 
7.7 


46 
5.1 


8.0 
7.5 


14.0 
15.0 


11.0 
12.0 


11.0 
12.0 


Ta, Voc = Mil 
C_ = 50 pF 


2.5 
3.0 


5.5 
5.5 


4.0 
4.5 


4.0 
4.5 


9.5 
8.5 


18.0 
20.5 


14.0 
16.5 


14.0 
16.5 


20.5 7.5 27.0 


21.5 
15.5 


7.5 
6.0 


28.5 
20.0 


16.5 6.5 22.0 


8.0 
10.0 


8.0 
7.5 


8.0 
10.0 


8.0 
7.5 


8.0 
10.0 


8.0 
7.5 


2.5 
3.5 


1.0 
1.0 


2.5 
3.5 


1.0 
1.0 


2.5 
3.5 


1.0 
1.0 


11.0 
13.5 


9.5 
8.5 


11.0 
13.5 


9.5 
8.5 


11.0 
13.5 


9.5 
8.5 


2.5 
3.0 


6.0 
6.0 


4.0 
4.5 


4.0 
4.5 


7.5 
7.6 


6.0 
75 


2.5 
3.5 


1.0 
1.0 


2.5 
3.5 


1.0 
1.0 


2.5 
3.5 


1.0 
1.0 





9.0 
8.0 


16.0 
16.5 


13.0 
13.5 


13.0 
13.5 


23.0 
23.5 


17.0 
18.5 


9.5 
11.0 


9.0 
8.0 


9.5 
11.0 


9.0 
8.0 


9.5 
11.0 


9.0 
8.0 


nh 
] 
oa 


Note 1: These delay times reflect the TRI-STATE recovery time only and not the signal time through the buffers or the parity check circuity. To assure VALID 
information at the ERROR pin, time must be allowed for the signal to propagate through the drivers (B to A), through the parity check circuitry (same as A to 
PARITY), and to the ERROR output after the ERROR pin has been enabled (Output Enable times). VALID data at the ERROR pin > (A to PARITY) + (Output 


Enable Time). 
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ZA National 


Semiconductor 


54F/74F673A 
16-Bit Serial-In, Serial/Parallel-Out Shift Register 


General Description Features 


The ’F673A contains a 16-bit serial-in, serial-out shift regis- Serial-to-parallel converter 

ter and a 16-bit parallel-out storage register. A single pin 16-bit serial |/O shift register 
serves either as an input for serial entry or as a TRI- 16-bit parallel-out storage register 
STATE® serial output. In the Serial-out mode, the data recir- Recirculating serial shifting 
culates in the shift register. By means of a separate clock, 
the contents of the shift register are transferred to the stor- 
age register for parallei outputting. The contents of the stor- 
age register can also be parallel loaded back into the shift 
register. A HIGH signal on the Chip Select input prevents 
both shifting and parallel transfer. The storage register may 
be cleared via STMR. 


Recirculating parallel transfer 
Common serial data |/O pin 
Slim 24 lead package 


Ordering Code: see Sections 


Logic Symbols IEEE/IEC 


QQ; Q2 Q3 Qy Q5 A Q7 Ag Oy Oy Qj 4 O17 943 044 A45 


TL/F/9585-1 


TL/F/9585~4 
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673A 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


oon Om Om em Ww BR = 


—_— —- =< 
nu = Oo 


TL/F/9585-2 


Pin Assignment 
for LCC 


Q, Qy Qq NC SI/O STCP STMR 
i fo (9) 8) 2) fe) 
BERR EERE 


0; 
0, 
GND 
NC 
Qs 
0s 
Q, 


Qg Qg Qiq NC Q44 Q4p O13 


TL/F/9585-3 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


Description 


Chip Select Input (Active LOW) 

Shift Clock Pulse Input (Active Falling Edge) 
Store Master Reset Input (Active LOW) 
Store Clock Pulse Input 

Read/Write Input 

Serial Data Input or 

TRI-STATE Serial Output 

Parallel Data Outputs 


Functional Description 


The 16-bit shift register operates in one of four modes, as 
indicated in the Shift Register Operations Table. A HIGH 
signal on the Chip Select (CS) input prevents clocking and 
forces the Serial Input/Output (SI/O) TRI-STATE buffer into 
the high impedance state. During serial shift-out operations, 
the SI/O buffer is active (i.e., enabled) and the output data 
is also recirculated back into the shift register. When parallel 
loading the shift register from the storage register, serial 
shifting is inhibited. 


4-546 


U.L. Input Wy/lpe 
HIGH/LOW Output Ion/lo. 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
3.5/1.0 
150/40 (33.3) | —3 mA/24 mA (20 mA) 
50/33.3 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—-0.6 mA 
70 pA/—0.6 mA 


—1mA/20 mA 


The storage register has an asynchronous master reset 
(STMR) input that overrides all other inputs and forces the 
Qo-Q 15 outputs LOW. The storage register is in the Hold 
mode when either CS or the Read/Write (R/W) input is 
HIGH. With CS and R/W both LOW, the storage register is 
parallel loaded from the shift register. 





Shift Register Operations Table 


VeZ9 


Control Inputs Si/O 
— Operating Mode 
x X X High Z Hold H = HIGH Voltage Level 
L L xX Data In Serial Load L = LOW Voltage Level 
X = Immaterial 
L 


R/W SHCP STCP 


L H a Data Out Serial Output = HIGH-to-LOW Transition 
with Recirculation 


: Parallel Load; 
No Shifting 


Storage Register Operations Table 


stmA_| cs | p/w | srop | 
X 





Operating 


Mode 
HIGH Voltage Level 


H = 
Reset; Outputs LOW L = LOW Voltage Level 

X = Immaterial 
Hold _/~ = LOW-to-HIGH Transition 
Hold 


Parallel Load 


TL/F/9585-5 
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673A 


Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 


Storage Temperature 
Ambient Temperature under Bias 
Junction Temperature under Bias 


—65°C to + 150°C 
—55°C to + 125°C 
—55°C to + 175°C 


Military 


Military 


Commercial 
Supply Voltage 


Commercial 


— 55°C to + 126°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+4.5V to +5.5V 


Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to + 7.0V 
—0.5V to + 7.0V 
—30 mAto +5.0mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


Input HIGH Voltage 2.0 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 

Voltage 54F 10% Voc 
74F 10% Voo 
74F 10% Voc 
74F 5% Voc 


Vin 
Vit 


Vcp 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
74F 10% Voc 
TAF 10% Voc ° 


Input HIGH Current 

Input HIGH Current 

Breakdown Test 

Input HIGH Current 

Breakdown Test (I/O) 
lie Input LOW Current 


liq + Output Leakage Current 
lOZH 
Output Leakage Current 


he + 
loz 


los 
ICEX 
\zz 
IocH 
lock. 


54F/74F 
Min Typ Max 





De) 
(=) 


= 
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Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
in = —18 mA (Non I/O pins) 
~1 mA (Q,, SI/0) 
lon = —3 mA (SI/O) 

lon = —1 mA (Qp, SI/O) 
lon = —3 mA (SI/O) 

lon = —1 mA (Qy, SI/O) 
lon = —3 mA (SI/O) 

lo. = 20 mA (All outputs) 
lo. = 20 mA (Q,) 

lo. = 24 mA (SI/O) 


Vin = 2.7V (Non I/O pins) 
Vin = 7.0V (Non I/O pins) 


loH = 


> 


Vin = 5.5V (SI/O) 


3 


Vin = 0.5V 


3 


= = = 
4 


oO 


Vout = 2.7V (SI/O) 


Vout = 0.5V (SI/O) 


3 


VouT = 0V 


= 
> 
= 
ra) 
x 


Vout = Voc 
Vout = 5.25V 
Vo = HIGH 
Vo = LOW 


3 
> 


pst) 
~~ 


3 
> 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Maximum Clock Frequency 


Ta = +25°C 
Vcc = +5.0V 
a = 50 pF 


Min ie Tete 
| 100 13900—Ctti‘“C«:«*C*' 


Propagation Delay 
STCP to Qn rf : 


Ta; Vcc = Mil Ta, Vcc = Com 
C, = 50 pF C_ = 50pF 


10.5 
13.5 


Propagation Delay 
STMR to Qn 


Propagation Delay 
SHCP to SI/O 


Output Enable Time 
CS to SI/O 

Output Disable Time 
CS to SI/O 

Output Enable Time 
R/W to SI/O 


Output Disable Time 
R/W to SI/O 


in z[ fee 
11.0 12.5 
11.5 13.0 


12.0 
15.0 
100 aa Ed 


AC Operating Requirements: See Section 2 for Waveforms 


Parameter 


Setup Time, HIGH or LOW 
CS or R/W to STCP 

Hold Time, HIGH or LOW 
GS or R/W to STCP 
Setup Time, HIGH or LOW 
SI/O to SHCP 

Hold Time, HIGH or LOW 
SI/O to SHCP 


54F/74F 


Ta = +25°C 
Vec = +5.0V 


a 


He 





[sare | sar | 
Ta, Vec = Mil Ta, Vcc = Com 
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Semiconductor 


54F/74F675A 


16-Bit Serial-In, Serial/Parallel-Out Shift Register 


General Description Features 


The ’F675A contains a 16-bit serial in/serial out shift regis- 
ter and a 16-bit parallel out storage register. Separate serial 
input and output pins are provided for expansion to longer 
words. By means of a separate clock, the contents of the 
shift register are transferred to the storage register. The 
contents of the storage register can also be loaded back 
into the shift register. A HIGH signal on the Chip Select 
input prevents both shifting and parallel loading. 


Ordering Code: see Section 5 


Logic Symbols 


P 
STEP Og 4 Oy 3 Oy Os Oe Q7 Og Qy 4g 0440473044045 SO 
TL/F/9587-1 


IEEE/IEC 


RG16 


HOLD 
1 SHIFT RIGHT 
2 SHIFT RIGHT 
3 PARALLEL LOAD 


8D 9710 
8D 


9211 
eae 
fs 
fa | 
Pp 
aay 


26]8D 9226 
TL/F/9587-5 
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Serial-to-parallel converter 

16-Bit serial I/O shift register 

16-Bit parallel out storage register 

Recirculating parallel transfer 

Expandable for longer words 

Slim 24 lead package 

'F675A version prevents false clocking through CS or 
R/W inputs 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC 
and Flatpak 


oan oOmaonrkhk Ww DH 


— = = 
no = & 


TL/F/9587-2 


Pin Assignment 
for LCC 


Qz Q; Qp NC SOSTCPSI 
OOOH 
SERB EE SE 





TL/F/9587-3 





Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description U.L. input Iiq/ 
HIGH/LOW | Output Ion/IoL 


Serial Data input 1.0/1.0 20 pA/—0.6 mA 
Chip Select Input (Active LOW) 1.0/1.0 20 pA/-0.6 mA 
Shift Clock Pulse Input (Active Falling Edge) 1.0/1.0 20 pA/—0.6 mA 
Store Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA 
Read/Write Input 1.0/1.0 20 pA/—0.6 mA 
Serial Data Output 50/33.3 —1mA/20 mA 

Parallel Data Outputs 50/33.3 —1mA/20 mA 


Functional Description Shift Register Operations Table 


The 16-Bit shift register operates in one of four modes, as Control Inputs Operating 


determined by the signals applied to the Chip Select (CS), Ww snep Mode 
Read/Write (R/W) and Store Clock Pulse (STCP) input. 
State changes are indicated by the falling edge of the Shift 
Clock Pulse (SHCP). In the Shift Right mode, data enters Do Shift Right 
from the Serial Input (SI) pin and exits from Q45 via the Shift Right 
Serial Data Output (SO) pin. in the Parallel Load mode, data 
from the storage register outputs enter the shift register and 
serial shifting is inhibited. 

The storage register is in the Hold mode when either CS or 
R/W is HIGH. With CS and R/W both LOW, the storage 
register is parallel loaded from the shift register on the rising 
edge of STCP. a Mode 

To prevent false clocking of the shift register, SHCP should 

be in the LOW state during a LOW-to-HIGH transition of CS. Hold 

To prevent false clocking of the storage register, STCP ; Hold 

should be LOW during a HIGH-to-LOW transition of CS if Parallel Load 


R/W is LOW, and should also be LOW during a HIGH-to- 
LOW transition of R/W if CS is LOW. 





H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

~~ = LOW-to-HIGH Transition 
“\ = HIGH-to-LOW Transition 


Logic Diagram 


Qo- 5 
TL/F/9587-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (Note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor: Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 126°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


-—0.5V to + 7.0V 
—0.5V to +7.0V 
-30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Vin 
ViL 


Output HIGH 54F 10% Vcc 
74F 10% Voc 


74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


Voltage 





Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 
Test 


Output Leakage 

Circuit Current 

Input LOW Current 

Output Short-Circuit Current 
locH Power Supply Current 


loc. Power Supply Current 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 126°C 
0°C to + 70°C 


+4.5V to +5.5V 
+ 4,5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
in = —18mA 


lon = —1mMA 
lon = —1mMA 
lon = —1mA 


lo. = 20mA 
lo. = 20mA 


VIN = 2.7V 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 0V 
Vo = HIGH 
Vo = LOW 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta, Vec = Mil. | Ta, Veco = Com 


Parameter C. = 50 pF C. = 50 pF 


= 
ae 


Maximum Clock Frequency 


Propagation Delay 
STCP to Q, 10.5 


Propagation Delay : 7.0 
SHCP to SO 8.0 





AC Operating Requirements: see Section 2 for Waveforms 


Ta = +25°C 


Symbol Parameter Ta; Vcc = Mil Ta, Vec = Com 


ts(H) Setup Time, HIGH or LOW 
ts(L) CS or R/W to STCP 


th(H) Hold Time, HIGH or LOW 
th(L) CS or R/W to STCP 


ts(H) Setup Time, HIGH or LOW 
to(L) SI to SHCP 


th(H) Hold Time, HIGH or LOW 


n 

+ 

(@) 

U 

- 

ro) 

n 

< 

Q 

me) 
OND @ Saditad Pa 2 a> 
oo]|oo0 oo ror) an ome) 


th(L) SI to SHOP 


t,(H) Setup Time, HIGH or LOW 
t,(L) R/W to SHCP 


th(H) Hold Time, HIGH or LOW 
th(L) R/W to SHCP 

t,(H) Setup Time, HIGH or LOW 
ts(L) 
th(H) Hold Time, HIGH or LOW 
th(L) 
ts(H) Setup Time, HIGH or LOW 
t.(L) 


th(H) Hold Time, HIGH or LOW 
ty(L) CS to SHCP 


tyw(H) SHCP Pulse Width 
ty(L) HIGH or LOW 


ty(H) STCP Pulse Width 
ty(L) HIGH or LOW 


t(L) SHCP to STCP 
th(H) SHCP to STCP 


n” 
ale |S 
Ss 0 
oO o 
r °o 
Qa |2 
Uv 

oO 

me) 
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Semiconductor 


54F/74F676 


16-Bit Serial/Parallel-In, Serial-Out Shift Register 


General Description 


The 'F676 contains 16 flip-flops with provision for synchro- 
nous parallel or serial entry and serial output. When the 
Mode (M) input is HIGH, information present on the parallel 
data (Pp-P 15) inputs is entered on the falling edge of the 
Clock Pulse (CP) input signal. When M is LOW, data is shift- 
ed out of the most significant bit position while information 
present on the Serial (SI) input shifts into the least signifi- 
cant bit position. A HIGH signal on the Chip Select (CS) 
input prevents both parallel and serial operations. 


Ordering Code: see Sections 


Logic Symbols 


Po Py Po Pz Py Ps Pe Pz Pg Pg Pio Pay Py PysPy4 Pas 


IEEE/IEC 


hid 
w 
o 


TL/F/9588-4 


Features 

m@ 16-bit parallel-to-serial conversion 
@ 16-bit serial-in, serial-out 

mg Chip select control 

@ Slim 24 lead 300 mil package 


Connection Diagrams 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9588-1 


oan nner Wh 


—-_— —- = 
no = © 


TL/F/9588-2 


Pin Assignment 
for LCC 


Po Py Po NC SOM SI 
HOO) G) 
BERE EEE 





2} 23] 24] BS) 
Pg Pg Pig NC Pyy Pio Py 
TL/F/9588-3 
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Unit Loading/Fan Out: see Section 2 for ULL. definitions 


54F/74F 


Description ULL. Input tin/ tie 
HIGH/LOW | Output !on/lo. 


Parallel Data Inputs 1.0/1.0 
Chip Select Input (Active LOW) 1.0/1.0 
Clock Pulse Input (Active LOW) 1.0/1.0 
Mode Select Input 1.0/1.0 
Serial Data Input 1.0/1.0 
Serial Output 50/33.3 


Functional Description 

The 16-bit shift register operates in one of three modes, as 
indicated in the Shift Register Operations Table. 

HOLD—a HIGH signal on the Chip Select (CS) input pre- 
vents clocking, and data is stored in the sixteen registers. 
Shift/Serial Load—data present on the SI pin shifts into 
the register on the falling edge of CP. Data enters the Qo 
position and shifts toward Q15 on successive clocks, finally 
appearing on the SO pin. 

Parallel Load—data present on Po-P 15 are entered into 
the register on the falling edge of CP. The SO output repre- 
sents the Q15 register output. 

To prevent false clocking, CP must be LOW during a LOW- 
to-HIGH transition of CS. 


Block Diagram 


20 pA/—0.6 mA 
20 pA/—-0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 

—1mA/20 mA 


Shift Register Operations Table 


Operating Mode 





H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Immaterial 

“ = HIGH-to-LOW Transition 
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Hold 
Shift/Serial Load 
Parallel Load 


TL/F/9588~-5 
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Absolute Maximum Ratings (note 1) _ Recommended Operating 


If Military/Aerospace specified devices are required, Conditions 
please contact the National Semiconductor Sales . . 
Office/Distributors for availability and specifications. _ ae TOQRSIAIS ei Ake citi nte. 


Storage Temperature —65°C to + 150°C Commercial 0O°C to +70°C 
Ambient Temperature under Bias —55°C to + 125°C Supply Voltage 


Junction Temperature under Bias — 55°C to + 175°C Military +4.5V to + 5.5V 


Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0mA 


Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output —0.5V to Voc 
TRI-STATE® Output —0.5V to +5.5V 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


54F/74F 


Symbol Parameter Conditions 


Vi Input HIGH Voltage 
Vit Input LOW Voltage 
Vop Input Clamp Diode Voltage 


VoH Output HIGH 54F 10% Voc 


: 
i 
ad 


Min Typ 


Recognized as a HIGH Signal 


i) 
Oo 


= = = = 


Recognized as a LOW Signal 
In = —18mA 


lon = —1mMA 
lon = —1mA 
lon = —imA 
lo. = 20mA 
lo. = 20 mA 


Vin = 2.7V 


I 
-~ 
i) 


Voltage 74F 10% Voc 
74F 5% Voc 





VoL Output LOW 54F 10% Vcc 
Voltage 74F 10% Voc 


WH Input HIGH 54F 
Current 74F 
IBvi Input HIGH Current 54F 
Breakdown Test 74F 
4F 
4F 
74 


Vin = 7.0V 


IcEX Output HIGH 5 Mee 
Leakage Current 7 
Input Leakage F 4.75 
Test 
Output Leakage 
Circuit Current . 
Input LOW Current 


Output Short-Circuit Current —60 


Power Supply Current 


lip = 1.9 pA, 
All Other Pins Grounded 


Viop = 150 mV, 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 0V 


~N 


NNN 
Noon 
~ % aPing|2sjeo 
Ne) Pr SoO/0 oO; an 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Symbol Parameter vee = +5.0V 
C_ = 50 pF 


Propagation Delay 11.0 17.0 4.5 12.0 
CP to SO a 12.5 14.5 5.0 


Tas Vcc = Mil 
C_ = 50 pF 


AC Operating — ee See Section 2 for Waveforms 


po = +25°C 
Vcc = +5.0V 


Setup Time, HIGH or LOW 
Sl to CP 


Hold Time, HIGH or LOW 
St to CP 


Setup Time, HIGH or LOW 
P, to CP 


Hold Time, HIGH or LOW 
P, to CP 


Setup Time, HIGH or LOW 
Mto CP 


Parameter 


Setup Time, LOW 
CS to CP 
Hold Time, HIGH 
CS to CP 


Hold Time, HIGH or LOW 
M to CP 
CP Pulse Width 
HIGH or LOW 
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54F/74F779 


ADVANCE INFORMATION 


8-Bit Bidirectional Binary Counter 


with TRI-STATE® Outputs 


General Description 

The ’F779 is a fully synchronous 8-stage up/down counter 
with multiplexed TRI-STATE I/O ports for bus-oriented ap- 
plications. All control functions (hold, count up, count down, 
synchronous load) are controlled by two mode pins (So, $4). 
The device also features carry lookahead for easy cascad- 
ing. All state changes are initiated by the rising edge of the 
clock. 


Logic Symbols 


0, 0,1/03/0405 05/0, 





TL/F/9593-1 


oN OO hk WS 


IEEE/IEC 
CTR DIV 256 


TL/F/9593-5 


Features 

m Multiplexed TRI-STATE I/O ports 
@ Built-in lookahead carry capability 
m@ Count frequency 100 MHz typ 

m Supply current 80 mA typ 


Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC and PCC 


1/031/02 NC 1/0;1/0p 


BOE 
BEEE Ss 


GND [9] 
1/0, 

Ne [i] 
I/Os, 
1/05 


a 88 8 
TL/F/9593-2 
1/07 OF NC Sy So 
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TL/F/9593-3 





ZA National 


Semiconductor 


54F/74F784 


8-Bit Serial/Parallel Multiplier with Adder/Subtractor 


General Description 


The 'F784 is an 8-bit by 1-bit sequential logic element that 
multiplies two numbers represented in twos complement 
notation. The device implements Booth’s algorithm internal- 
ly to produce a twos complement product that needs no 
subsequent correction. In addition to the serial product out- 
put (SP), an S+B output is obtained with an internal adder/ 
subtractor stage which adds a B bit to the SP product. Paral- 
lel inputs accept and store an 8-bit multiplicand (Xg—-X7). 
The add/subtract (A/S), B, and B,—, inputs control the 
internal adder/subtractor stage. The multiplier word is then 
applied to the Y input in a serial bit stream, least significant 
bit first. The product is clocked out at the SP output and the 
product +B at the S+B output delayed by one clock cycle. 
Both appear feast significant bit first. 


The K input is used for expansion to longer X words, using 
two or more 'F784 devices by connecting the output (SP) of 


Ordering Code: see Sections 


Logic Symbol 


Pin Assignment 
for DIP and SOIC 


Y Xp Xy Xp Xz Xq Xs Xp X7 By Bray 
L 


TL/F/10230-1 


oon Ome WAH = 


= 
oO 


Clock Pulse Input (Active Rising Edge) 
Serial Expansion Input 

Mode Control Input 

Asynchronous Parallel Load Input (Active LOW) 
Multiplicand Data Inputs 

Serial Multiplier Input 

Add/Subtract 

Serial B Input 

Delayed Serial B Input 

Serial X e Y +B Output 

Serial X ¢ Y Product Output 


one device to the K input of the other device. The Mode 
Contro! (M) input is used to establish the most significant 
device. An asynchronous Parallel Load (PL) input clears the 
internal flip-flops to the start condition and enables the X 
latches to accept new multiplicand data. The Parallel Load 
(PL) also clears the outputs (SP and S+B). 


Features 

@ Twos complement multiplication 

@ 8-bit by 1-bit sequential logic element 

m Includes product output (SP) and product +B output 
(S+B) 

g Parallel inputs accept and store an 8-bit multiplicand 
(Xo-X7) 

8 K input is used for expansion to longer X words 

& Combines the ’F384 and ’F385 in one chip 


Connection Diagrams 


Pin Assignment 
for LCC 
SEB SP Xq X Xp 
aE ges) 
hd bat hed hed) 





LALA) 
HHO e 
B, X7 Xp Xs Xs 


TL/F/10230-3 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/2.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/1.0 
50/33.3 
50/33.3 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—1.2 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
20 pA/—0.6 mA 
—1mA/20 mA 
—1mA/20 mA 
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Functional Description 


The ’F784 is a serial-parallel 8-bit multiplier. Also included is 
an adder/subtractor stage. The X word (multiplicand) is 
loaded into a register while simultaneously clearing the 
arithmetic cell flip-flops in preparation for a multiplication. 
The Y word (multiplier) is clocked in serially. (See Figure A ). 


Expansion capability is provided via the M and K inputs. The 
K (cascade) input is connected to the So output of the more 
significant chip. The M (mode) input is used to determine 
whether the multiplicand is to be treated as a two’s comple- 
ment or unsigned number. 


The ’F784 has logic to enable complex arithmetic to be per- 
formed. A serial adder/subtractor enables constants to be 
added to the product. Typically this feature would be used in 
FFT butterfly networks to reduce package count and power. 


Two outputs are provided: the product XY and the product 
XY +B. Because of the internal adder/subtractor, a speed 
advantage is gained when using the ’F784 over using a sep- 
arate adder and multiplier chip. (Refer to Figure B). 


During a multiplication operation, the first clock cycle is 
used to load both the X word (multiplicand) and the first bit 


of the Y word (operand) into the input registers. At this time 
there is no valid data at the SP output so that B bits added 
will not give the correct sum output. In order to load the first 
B bit on the same clock as X and Y, a B,— input is provid- 
ed which delays the B data by one clock cycle. Thus, a valid 
output results. 


Ch Add Cy, to product (C, loaded at 
the same time as Y,) 

Add C, to product (C, must be 
delayed one clock cycle) 


= 


n Subtract C,, from product (C, 
loaded at the same time as Y,) 


H Subtract C, from product (C, 
must be delayed one clock cycle) 


=| et cfc 3 
wn 


L = LOW Voltage Level H = HIGH Voltage Level C, = Constant 


Function Table 


H tT x 
H = HIGH Voltage Level 
L = LOW Voltage Level 


T = LOW-to-HIGH Transition 
CS = Connected to SP output of high order device 
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Function 


n 


u/U 
+ |H [x m | KEK YE 
© }o w 


Most Significant Multiplier Device 
Devices Cascaded in Multiplier String 


Load New Multiplicand and Clear 
Internal Sum and Carry Registers 


Device Enabled 
Shift Sum Register 


Add Multiplicand to Sum 
Register and Shift 


vU 
+ 
ow 


Subtract Multiplicand from Sum 
Register and Shift 


Shift Sum Register 


OP = X; latches open for new data (i = 0-7) 

P = Output as required per Booth’s algorithm 

P+B = Product + a constant (delayed one clock cycle) 
X = Immaterial 


vU 
I+ 
® 





Logic Diagram 


TL/F/10230-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


FIGURE A 
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Timing Waveforms 


= tw(h) > 


Pe ey 
1\ LN _L \ 


RTT (SEB), (7 #8); 
a 


FIGURE B 


TL/F/10230-5 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential 
to Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Parameter 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


54F 10% Voc 
74F 10% Voc 
74F 5% Voc 


54F 10% Voc 
74F 10% Voc 


54F 
74F 


Symbol 


ViH 
Vit 


Vcop 


Output HIGH 


VoH 
Voltage 





Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


VoL 


NH 


IBvI 


IcEx 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW Current 


Output Short-Circuit Current 


NN aAIna 
py SpyhR A 


Power Supply Current 


ho 
° 


mon Dw 
NO 
it 2 on ™ ags|joc 
ee on °o °o ° aa 
3 3 = = = 
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Current Applied to Output 
in LOW State (Max) twice the rated lo. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+ 4.5V to +5.5V 


54F/74F 


Conditions 


= 
o 
x 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —1mMA 
lon = —1mMA 
lon = —1mA 


lol = 20mA 
lo. = 20mA 


| 
_ 
Nh 


o ce] 
QO 


Vin = 2.7V 


Vin = 7.0V 


tye) 
On 
fo) 


Vout = Vcc 


= 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (Except PL) 
Vin = 0.5V (PL) 


Vout = OV 
Vo = HIGH 


fp 
x 


x 


an 
$e) 
Pad 
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AC Characteristics: see Section 2 for Waveforms and Load Configurations 


sar7ar | SAF | 7aF 


Parameter 


Maximum Clock Frequency 


Propagation Delay 


PL to SP 


Propagation Delay 
PLtoS +B 


Propagation Delay 6.5 
CP to SP 8.0 


Propagation Delay 7.0 
CP toS+B 7.0 





AC Operating Requirements: see Section 2 for Waveforms 


54F/74F 


Ta = +25°C Ta, 
Symbol Parameter Veco = +5.0V : 


Min Typ M 
ts(H) Setup Time, HIGH or LOW 9.0 
t,(L) K to CP 9.0 
th(H) Hold Time, HIGH or LOW 2.0 
th(L) K to CP 2.0 
t,(H) Setup Time, HIGH or LOW 15.0 
t.(L) Y to CP 15.0 
th(H) Hold Time, HIGH or LOW 2.0 
th(L) Y to CP 2.0 
t,(H) Setup Time, HIGH or LOW 
tg(L) X to PL 
t,(H) Hold Time, HIGH or LOW 2.0 
th(L) X to PL 4.0 
ts(H) Setup Time, HIGH or LOW 7.0 
t,(L) Bn to CP 7.0 
th(H) Hold Time, HIGH or LOW 
t,(L) Br to CP 
ts(H) Setup Time, HIGH or LOW 12.0 
tg(L) A/S to CP 12.0 
ty(H) Hold Time, HIGH or LOW 


th(L) A/S to CP 


ts(H) Setup Time, HIGH or LOW 
tg(L) Bn—7 to CP 


th(H) Hold Time, HIGH or LOW 
th(L) Bn—1 to CP 


tw(L) PL Pulse Width, LOW 


tw(H) CP Pulse Width 
tw(L) HIGH or LOW 


trec Recovery Time 
PL to CP 


OOIANINA)TND Nh 
ood koon Ronen kom) COOls5:% 


NNN] D 
‘ oon Kom komo) 
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54F/74F794 


8-Bit Register with Readback 


General Description 


The ’F794 is an 8-bit register with readback capability de- 
signed to store data as well as read the register information 
back onto the data bus. The I/O bus (D bus) has TRI- 
STATE® outputs. Current sinking capability is 64 mA on 
both the D and Q busses. 


Data is loaded into the registers on the low-to-high transition 
of the clock (CP). The output enable (OE) is used to enable 
data on Dg-D7. When OE is low, the output of the registers 
is enabled on Do-D7, enabling D as an output bus. When 


Ordering Code: see Sections 


Logic Symbol 


Dg Dy Dy Ds Dy Dg Dg Dy 


Qy Q; Q) Q3 Q4 O5 Og Q, 


TL/F/10652-1 


Input Loading/Fan-Out 


OE is high, D9-D7 are inputs to the registers configuring D 
as an input bus. 


Features 

m TRI-STATE outputs on the I/O port 

@ D and Q output sink capability of 64 mA 

m Guaranteed 4000V minimum ESD protection 
@ Functionally and pin equivalent to the ’LS794 


Connection Diagram 


DIP, SOIC and Flatpak 


1 

2 
3 
4 
5 
6 
7 
8 
9 


~ 
oO 


TL/F/10652-2 


Description 74F High/Low 
(U.L.) Current 


1.0/1.0 

1.0/1.0 
3.5/1.083 
750/106.6 
750/106.6 


Output Enable Input 
Clock Pulse Inputs 
D Bus Inputs/ 
TRI-STATE Outputs 
Q Bus Outputs 


20 pA/—0.6 mA 
20 pA/—0.6 mA 
70 pA/—650 pA 
—15 mA/64 mA 
—15 mA/64 mA 
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Truth Table 


LorHor J Output, Q 
LorHor J Input 
Output, Q* 
T Input 


*In this case the output of the register is clocked to the inputs and the 
overall Q output is unchanged at Qn. 


Logic Diagram 


rh 


ih 


Saeed 


E 


ih 


A _| 


TL/F/10652-3 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55° to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential 
to Ground Pin 

Input Voltage (Note 2) 
Input Current (Note 2) —30 mA to +5.0 mA 
ESD Last Passing Voltage (Min) 4000V 


Note 1; Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 


Voltage Applied to Output 
In HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voltage (Min) 


—0.5V to Veo 
—0.5V to + 5.5V 


Twice the Rated lo, (mA) 
4000V 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 126°C 
0°C to 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


DC Characteristics over Operating Temperature Range unless otherwise specified 


Input HIGH 
Voltage 
Input LOW Vv 
Voltage 
Input Clamp 
Diode Voltage 
2. oy t= 


VIH 


Vit 


Output HIGH 
Voltage 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Input HIGH Current 
Breakdown (I/O) 


Output HIGH 
Leakage Current 


as 
ae 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW 
Current 
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Conditions 


Recognized as 
a HIGH Signal 


Recognized as 
a LOW Signal 


in = —18mMA 


lon = —3MmA 
lon = —15mA 


lo. = 64mA 
VIN = 2.7V 


Vin = 7.0V (OE, CP) 


Vin = 5.5V (Dp) 


Vout = Vcc 


lip = 1.9 pA 

All Other Pins Grounded 
Viop = 150 mV 

All Other Pins Grounded 
Vin = 0.5V 

(OE, CP) 
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DC Characteristics over Operating Temperature Range unless other specified (Continued) 


Symbol Parameter _ SF iTAr: Conditions 
Min Typ Max 


los Vout = OV 


Iw + Vout = 2.7V 
loZH (Dn) 
lit + Vout = 0.5V 
lozt (Dn) 


Vip Input Leakage 74 lip = 1.9 pA 
Test : All Other Pins 
Grounded 


lop Output Circuit Viop = 150 mV 
Leakage Current ; All Other Pins 
Grounded 


I2z Bus Drainage os Vout = 5.25V 
Test 


loci Power SuppyCurent | 85 | mA Vo = HIGH 
loct Power Supply Current Vo = LOW 
Iccz Power Supply Current Vo = HIGH Z 


AC Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 


Max. Clock Frequency 
Propagation Delay 

CP to Qn 

Output Enable Time 
Output Disable Time . 
Setup Time, HIGH or LOW 
Bus to Clock 

Hold Time, HIGH or LOW 
Bus to Clock 


Clock Pulse Width 
HIGH or LOW 
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Semiconductor 


54F/74F821 
10-Bit D-Type Flip-Flop 


General Description Features 
The ’F821 is a 10-bit D-type flip-flop with TRI-STATE® true ™ TRI-STATE Outputs 


outputs arranged in a broadside pinout. The ’F821 is func- m Direct replacement for AMD’s Am29821 
tionally and pin compatible with the AMD’s Am29821. 
Ordering Code: see Section 5 


Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC 


Dy Dg Ds NC Dy Ds D2 


Dg Dy D2 Ds Dy Ds Dg D7 Dg Dy 


Oy 04 02 Os 0, Os Og 07 Og Og 





TL/F/9595-1 


IEEE/IEC 





oon Om WO FW DY 


a8 8,8,0 8 
ts] 2d 2 22 23) Ba Bel 
07 Og 05 NC 04 03 0 
TL/F/9595-3 


-_- 
nu = © 


TL/F/9595-~2 


TL/F/9595-5 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


rote = 


Description ULL. Input H/o 
HIGH/LOW Output lon/loL 
Do-Dg Data Inputs 1.0/1.0 20 pA/—-0.6 mA 
1.0/1.0 20 pA/—0.6 mA 


OE Output Enable 
TRI-STATE Input 

cP Clock Input 1.0/1.0 20 pA/—0.6 mA 

Op-Og TRI-STATE Outputs | 150/40 (33.3) | —3.0 mA/24 mA (20 mA) 
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Functional Description 


The ’F821 consists of ten D-type edge-triggered flip-flops. 
This device has TRI-STATE true outputs for bus systems 
organized in a broadside pinning. The buffered Clock (CP) 
and buffered Output Enable (OE) are common to all flip- 
flops. The flip-flops will store the state of their individual D 
inputs that meet the setup and hold times requirements on 
the LOW-to-HIGH CP transition. With the OE LOW the con- 
tent of the flip-flops are available at the outputs. When the 
OE is HIGH, the outputs go to the high impedance state. 
Operation of the OE input does not affect the state of the 
flip-flops. 


Logic Diagram 


- 4-570 


Function Table 


L 


Fk 


LOW Voltage Level 
HIGH Voltage Level 
Immaterial 
= High Impedance 
—~ = LOW-to-HIGH Transition 
NC = No Change 


Lee ee 


/ 
¢ ° 


Og Og 
. , TL/F/9595-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 





Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 


DC Electrical Characteristics 


Input HIGH Voltage 
Input Clamp Diode Voltage 12] 


ViH 
Vit 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Vcc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH Current 


54F 10% Voc 
TAF 10% Voc 


54F 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage Test 


Output Leakage 
Circuit Current 
lit . Input LOW Current 
loZH Output Leakage Current 
Output Leakage Current 


Output Short-Circuit Current 


loz 
los 


locz Power Supply Current 


t 
NN N SN OIN OTN 
KR ay AAl]AR ATA 
nN oa a] TDA7MInwniIn 


—0.5V to +5.5V_ 


54F/74F 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4,.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 

lon = —1mMA 

lon = —3mMA 

lon = —1mA 

lon = —3mMA 

loo = —1mA 

lon = —3mA 

lo. = 20 mA 

lo. = 24mA 


Vin = 2.7V 


Vin = 7.0V 


g 


Vout = Vcc 


lip = 1.9 pA, 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
2.7V 
Vout = 0.5V 
Vout = 0V 
Vo = HIGHZ 


VouT = 


QR 


3 : e 
tabblos /-1 = EEE 
5 


3 
= 
R 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C = z 
Parameter Voc = +5.0V Ta, Vec = Mil Ta: Vec = Com 


C, = 50 pF Cy = 50 pF CL = 50pF 


Min Typ Max | Min Max | Min Max_| 
Maximum Clock Frequency | 100 160 ee ee ee 


Propagation Delay 2.0 6.4 9.5 2.0 10.5 2.0 10.5 
CP to Op, 2.0 6.2 9.5 2.0 10.5 2.0 10.5 


Output Enable Time 2.0 5.8 10.5 2.0 13.0 2.0 11.5 
OE to O, 6.3 10.5 2.0 13.0 2.0 11.5 


2.0 
Output Disable Time 1.5 3.4 7.0 1.0 7.6 1.5 7.5 
OE to O, 1.5 3.5 7.0 1.0 7.5 1.5 7.5 


AC Operating Requirements: see Section 2 for Waveforms 


74F 


Ta = +25°C 


Parameter Veo = +5.0V 


Setup Time, HIGH or LOW 
D, to CP 


Hold Time, HIGH or LOW 
Dp to CP 


CP Pulse Width 
HIGH or LOW 
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54F/74F823 
9-Bit D-Type Flip-Flop 


General Description 


The ’F823 is a 9-bit buffered register. It features Clock En- 
able and Clear which are ideal for parity bus interfacing in 
high performance microprogramming systems. 


The ’F823 is functionally and pin compatible with AMD’s 
Am29823. 


Ordering Code: see Section 5 


Logic Symbols 





TL/F/9596-2 


lEEE/IEC 


o On Oo ek WH = 


TL/F/9596-1 


Pin Assignment for 
DIP, SOIC and Flatpak 


Features 

m TRI-STATE® outputs 

@ Clock Enable and Clear 

m Direct replacement for AMD’s Am29823 


Connection Diagrams 


Pin Assignment 
for LCC 


Dy Dg Ds NC Dy Dz D2 
HHOBowe) 





fis) a 
07 Og 05 NC 04 03 02 


TL/F/9596-4 


TL/F/9596-3 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


U.L. Input tyy/Iie 
HIGH/LOW Output Ioxn/loL 


Description 


1.0/1.0 
1.0/1.0 
1.0/1.0 
1.0/2.0 
1.0/1.0 
150/40 (33.3) 


Data Inputs 

Output Enable Input 
Clear 

Clock Input 

Clock Enable 
TRI-STATE Outputs 


20 wA/—0.6 mA 
20 wA/—0.6 mA 
20 wA/—0.6 mA 
20 pA/—-1.2 mA 
20 pA/—0.6 mA 


—3 mA/24 mA (20 mA) 





4-573 


€c8 





823 


Functional Description 


The ’F823 device consists of nine D-type edge-triggered 
flip-flops. It has TRI-STATE true outputs and is organized in 
broadside pinning. The buffered Clock (CP) and buffered 
Output Enable (OE) are common to all flip-flops. The flip- 
flops will store the state of their individual D inputs that meet 
the setup and hold times requirements on the LOW-to-HIGH 
CP transition. With the OE LOW the contents of the flip- 
flops are available at the outputs. When the OE is HIGH, the 
outputs go to the high impedance state. Operation of the 
OE input does not affect the state of the flip-flops. In addi- 


tion to the Clock and Output Enable pins, the ’F823 has 
Clear (CLR) and Clock Enable (EN) pins. 


When the CLR is LOW and the OE is LOW, the outputs are 
LOW. When CLR is HIGH, data can be entered into the flip- 
flops. When EN is LOW, data on the inputs is transferred to 
the outputs on the LOW to HIGH clock transition. When the 
EN is HIGH, the outputs do not change state regardless of 
the data or clock inputs transitions. This device is ideal for 
parity bus interfacing in high performance systems. 


Function Table 


ral 
mi 
e 
9 
=e) 
py 
Qa 
vu 


Re Rom ee re a ee ee 
rrrerrcrerx<é «<M TIT er 
<xx«x DrrtoiKK KK xK xKI/O 


cen cae GDI SSD SS GA ee ct OS On 
rt\\\\xxxxez 


LOW Voltage Level 
HIGH Voltage Level 
X = Immaterial 
Z = High Impedance 
_/ = LOW-to-HIGH Transition 
NC: = No Change 


Logic Diagram 





Hold 
Hold 
Hold 
Hold 
Clear 


Clear 

Load 

Load : 
Data Available 
Data Available 

No Change in Data 
No Change in Data 


03 04 Os O¢ 07 Og 
TL/F/9596-5 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —§5°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter 


Vin Input HIGH Voltage 
VIL Input LOW Voltage 


Input Clamp Diode Voltage V 
2.5 


VOH 54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output HIGH 


Voltage 


Output LOW 
Voltage 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Output HIGH 54F 
Leakage Current 74F 


Input Leakage 


Test ee 


Output Leakage 
Circuit Current 


Input LOW 
Current 


74F 


lozH Output Leakage Current 
lozL Output Leakage Current 
los Output Short-Circuit Current 
lzz Buss Drainage Test 


Iocz Power Supply Current 


54F/74F 
Min Typ Max 





2.7 
54F 10% Voc 0.5 V 
74F 10% Voc 0.5 
20.0 
ne 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+ 4,.5V to +5.5V 


Vcc Conditions 


V 
V 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 

lon = —1mMA 

lon = —3mMA 

lon = —1mMA 

loH = 

loH 

loH 


lo. = 
lot 
Vin = 


= 
> 


Vout = Voc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (OE, CLR, EN) 
Vin = 0.5V (CP) 


Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = 5.25V 
Vo = HIGHZ 


= = 
a) 
bad 


33 
> > 


= YE 


3 
> 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter bas = +5.0V 
C, = 50 pF 


Maximum Clock Frequency a 


Propagation Delay : : . : 10.5 . : 10.5 
CP to O7 10.5 10.5 


Propagation Delay 
CLR to O, 


Output Enable Time 10.5 13.0 11. Pa 
OE to O, : : 10.5 af 13.0 Pa i 11.5 


Output Disable Time 2.9 7.0 1.0 7.5 : : 
OE to O,7 2.7 7.0 1.0 7.5 


Ta; Vcc = Mil 
C._ = 50 pF 


AC Operating ES See Section 2 for Waveforms 


7 


Tar tee Ta, Vec = Mil Ta Voc = Com 


Parameter ae = +50V 


Setup Time, HIGH or LOW 
Dp, to CP 


Hold Time, HIGH or LOW 
Dr to CP 


Setup Time, HIGH or LOW 
EN to CP 


Hold Time, HIGH or LOW 3.0 - 
EN to CP 1.0 

CP Pulse Width 6.0 6.0 
HIGH ae ee LOW a 0 ad 0 
| CLR Pulse Width, LOW Pulse Width, LOW 


CLA Recovery Time a kere 
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54F/74F825 
8-Bit D-Type Flip-Flop 


General Description Features 

The ’F825 is an 8-bit buffered register. Ithas Clock Enable # TRI-STATE® output 

and Clear features which are ideal for parity bus interfacing mm Clock enable and clear 

in high performance microprogramming systems. Also in- m Multiple output enables 

cluded in the 'F825 are multiple enables that allow multi- Direct replacement for AMD’s Am24825 
user control of the interface. 

The ’F825 is functionally and pin compatible with AMD’s 

Am29825. 


Ordering Code: see Sections 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC 


a i es ke ie sd 
Dg Ds Dy NC Ds Dp Dy 
wivayavayeu lee 
Benes 


Oy 01 0, Os 04 Os Og 07 





TL/F/9597-1 


IEEE/IEC 


oon Dunk WH 





aT a a aT a aT 23 
0g Os, 04 NC 0 02 0, 
TL/F/9597-3 


TL/F/9597~2 


0 
0, 
02 
03 
0, 
Os 
Og 
07 
TL/F/9597-4 


Unit Loading/Fan Out: see See 2 for U.L. Definitions 


[ SAF/74F 
Description ULL. Input t/t 
HIGH/LOW Output Ion/loL 


Data Inputs 0/1. 20 pA/—0.6 mA 
TRI-STATE Data Outputs | 150/40 (33.3) | —3 mA/24 mA (20 mA) 
Output Enable Input .0/1. 20 pA/—0.6 mA 
Clock Enable 0/1. 20 pA/—0.6 mA 
Clear 0/1. 20 pA/—0.6 mA 
Clock Input .0/2. 20 pA/—-1.2 mA 
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Functional Description 


The ’F825 consists of eight D-type edge-triggered flip-flops. 
This device has TRI-STATE true outputs and is organized in 
broadside pinning. In addition to the clock and output en- 
able pins, the buffered clock (CP) and buffered Output En- 
able (OE) are common to all flip-flops. The flip-flops will 
store the state of their individual D inputs that meet the 
setup and hold times requirements on the LOW-to-HIGH CP 
transition. With the OE LOW the contents of the flip-flops 
are available at the outputs. When the OE is HIGH, the out- 
puts go to the high impedance state. Operation of the OE 


input does not affect the state of the flip-flops. The ‘F825 
has Clear (CLR) and Clock Enable (EN) pins. 


When the CLR is LOW and the OE is LOW the outputs are 
LOW. When GLR is HIGH, data can be entered into the flip- 
flops. When EN is LOW, data on the inputs is transferred to 
the outputs on the LOW-to-HIGH clock transition. When the 
EN is HIGH the outputs do not change state, regardless of 
the data or clock input transitions. 


Function Table 


fal 
fe) 
2 


Cer eh he oe 
TrrrrTrrareeicTrteTtt 
mTHOreeereeexKKX Toe er 


L = LOW Voltage Level 

H = HIGH Voltage Level 

X = Immaterial 

Z = High Impedance 

~~ = LOW-to-HIGH Transition 
NC = No Change 


Logic Diagram 


Hold 

Hold 

Hold 

Hold 

Clear 

Clear 

Load 

Load 

Data Available 
Data Available 

No Change in Data 
No Change in Data 


cP cP cP cP cP cP cP 
D D D D D D D 
cir? ; cir? fl cir? il cir? i cir? 5 cr? z cir? 
e oe ) e@ OO ) ) 
0 0 0 0 


of) 0; 


3 4 gS 6 O97 


TL/F/9597-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Rating$ (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 

Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 

in HIGH State (with Vcc = OV) 

Standard Output 

TRI-STATE Output 
Current Applied to Output 

in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


n 
Vin 
Vit 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Veo 
Voltage 54F 10% Vcc 
74F 10% Voc 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Output HIGH 54F 
Leakage Current 74F 


Input Leakage 


Test iar 


Output Leakage 
Circuit Current 
Input LOW Current 
Output Leakage Current 


74F 


Ne 
lOZH 
Output Leakage Current 
Output Short-Circuit Current 


lozi 


Buss Drainage Test 


Power Supply Current 


T 


y 


54F/74F 


p 


ee eee ee 
| InputHiGHVotage | 2.0 





oo 
an 
5 a (a B= al (ee : = 
aeebBR|s|<[s|slef<| < [KLE 


20.0 
5.0 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


~— 55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4,5V to +5.5V 


Vc Conditions 


x 
Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
lon = ~1mA 
lon = —3mMA 
lo4 = —1mA 
lon = —3MA 
lon = —1mMA 
lon = -—3mA 


lo. = 20mA 
lo. = 24mA 


Vin = 2.7V 


| 
—_ 
to 


pA Ma 


x 


VIN = 7.0V 


Vout = Voc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
VouT = 0.5V 
VouT = 0V 
Vout = 5.25V 
Vo = HIGHZ 


3 /E 
> | > 





Ses 


825 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
Cy. = 50 pF 


Ta; Vec = Mil Ta, Vcc = Com 
CL = 50 pF Cy = 50 pF 


Maximum Clock Frequency a 


Propagation Delay 10.5 2.0 10.5 
CP to On 10.5 rary 0 10.5 


Propagation Delay 
CLR to On 
Output Enable Time 10.5 130 | 20 115 ele 


OE to On ee 10.5 a 13.0 2.0 11.5 


Output Disable Time a“ : 7.0 1.0 
OE to On 7.0 1.0 is : - 


AC Operating reer ee See Section 2 for Waveforms 


Ta= — 


Pp ete 
beads Veco = +5.0V 


Setup Time, HIGH or LOW 
Dp, to CP 


Hold Time, HIGH or LOW 
Dp to CP 


Setup Time, HIGH or LOW 
EN to CP 

Hold Time, HIGH or LOW 
EN to CP 

CP Pulse Width 

HIGH or LOW 

CLR Pulse Width, LOW 
CLR Recovery Time 
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54F/74F827 ¢ 54F/74F828 
10-Bit Buffers/Line Drivers 


General Description 

The 'F827 and ’F828 10-bit bus buffers provide high per- 
formance bus interface buffering for wide data/address 
paths or buses carrying parity. The 10-bit buffers have NOR 
output enables for maximum control flexibility. 

The 'F827 and ’F828 are functionally- and pin-compatible to 
AMD’s Am29827 and Am29828. The ’F828 is an inverting 
version of the 'F827. 


Ordering Code: see Section 5 


Connection Diagrams 


Pin Assignment for 
DIP, Flatpak and SOIC 
"F827 


oon DOr wnrhye - 


= 
—_- oO 


TL/F/9598-1 


ownn ON fF WD — 


=_— —_ 
No = © 


TL/F/9598-8 


Features 

mg TRI-STATE® output 

mg 'F828 is inverting 

m@ Direct replacement for AMD’s Am29827 and Am29828 


Pin Assignment 
for LCC 
"F827 
D7 Dg Ds NC Dy Dz Dy 
fy fo) (2) (3) @) fe) &) 





ARRAR ARR 
3} 2o (2) 22 23] ed BS 
07 0g 5 NC 04 05 02 
TL/F/9598~2 


"F828 


D7 Dg Ds NC Dy Dz Dy 
area egg lgng ae 





Teo ae aS 
07 Og 05 NC 0, 03 0, 


TL/F/9598-9 
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Logic Symbols 


IEEE/IEC 


TL/F/9598-6 


Dy Dz Dy Ds Dg D, Dg Dg 


02 0; 04 05 05 07 0g Qg 


TL/F/9598-3 
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iIEEE/IEC 


TL/F/9598-7 


Dp Dy Dy Ds Dy Ds Dg D7 Dg Dg 


02 03 04 Os 0g 07 Og Og 


TL/F/9598-10 





Unit Loading/Fan Out: a Section 2 for U.L. definitions 


a 7 ee 
Pin Names Description ULL. Input Ia/Ue 
HIGH/LOW Output lon/loL 


Output Enable Input 20 pA/—-0.6 mA 
Data Inputs 0/1. 20 pA/—0.6 mA 
Data Outputs, TRI-STATE | 600/106.6 (80) | — 12 mA/64 mA (48 mA) 


Functional Description Function Table 
The ’F827 and ’F828 are line drivers designed to be em- 


ployed as memory address drivers, clock drivers and bus- ie: ae, Functi 
oriented transmitters/receivers which provide improved PC sAeHen 
"F827 "F828 


board density. The devices have TRI-STATE outputs con- 


trolled by the Output Enable (OE) pins. The outputs can sink 

64 mA (48 mA mil) and source 15 mA. Input clamp diodes L Transparent 

limit high-speed termination effects. L Transparent 
H High Z 


H = HIGH Voltage level! 
L = LOW Voltage Level 
Z = High Impedance 

X = Immaterial 





Logic Diagrams 


Dg Ds Dy Dg Ds Dy Ds D, 


DIDI RIDIN I iRIn Inia 
Cp-2 


OE 


Og Og 07 0g Os 0, 0 3 02 0, Oo 
TL/F/9598-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


*F828 


D7 Dg Ds Dg Ds 02 


SALARY 
C e-# 


TL/F/9598-11 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2): ” 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—30mAto +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vi 
Vit 


Vcop 


Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Vcc 


VoH 
0 
2.4 
2.0 


74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


Output LOW 54F 10% Voc 


Voltage 74F 10% Voc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Output Leakage 
Circuit Current wap 


Output Leakage Current 
Output Leakage Current 


input LOW Current a ee 


Output Short-Circuit Current —100 —225 


—0.5V to +7.0V 


input HIGH Voltage ee ae 
Input LOW Voltage aed 
Input Clamp Diode Voltage ae ee 





2.7 
0.55 
0.55 


-—s 
100 
7.0 

Output HIGH A 

Leakage Current cae fs Be 

Test 
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Recommended Operating © 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°c to + 70°C 


+4.5V to +5.5V 
+ 4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 

lon = —3mA 

lon = —12mMA 

lon = —3mA 

lon = —15mA 

lon = —3MA 


lo. = 48 mA 
lo. = 64mA 


Vin = 2.7V 


ov | a | 


Vin = 7.0V 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 





DC Electrical Characteristics (Continued) 


lzz 

ICCH 
loci 
locz 
IocH 
Ioc 
Icoz 


Bus Drainage Test 


Power Supply Current (’F827) 
Power Supply Current (’F827) 


Power Supply Current (’F827) 


Power Supply Current ('F828) 


Power Supply Current (’F828) 


Power Supply Current (’F828) 


AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
Data to Output (F827) 
Propagation Delay 
Data to Output (’F828) 
Output Enable Time 
OE to O, 


Output Disable Time 


OE to Op, 


1.0 
1.5 
1.0 
1.0 
3.0 
3.5 
1.5 
1.0 


3.0 
3.3 


3.0 
2.0 


5.7 
6.8 


3.3 
3.5 


§.5 
5.5 


5.0 
4.0 


9.0 
11.5 


8.0 
8.0 
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Min Typ Max 
30 45 
60 90 
40 60 
14 20 


Ta, Vcc = Mil 
C._ = 50 pF 


Min Typ Max | Min Max_| Min Max _ 


1.0 
1.5 


1.0 
1.0 


2.5 
3.0 


1.5 
1.0 


7.5 
7.0 


6.5 
5.0 


10.0 
12.5 


9.0 
9.0 


° 
° 
< 


pA 
mA 
mA 
mA 
mA 
mA 
mA 


Tas Voc = Com 


Vcc 


C, = 50 pF 


1.0 
1.5 


1.0 
1.0 


2.5 
3.0 


1.5 
1.0 


6.5 
6.0 


5.5 
4.0 


9.5 
12.0 


8.5 
8.5 


Conditions 


Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 
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54F/74F841 
10-Bit Transparent Latch 


General Description 

The ’F841 bus interface latch is designed to eliminate the 
extra packages required to buffer existing latches and pro- 
vide extra data width for wider address/data paths or buses 
carrying parity. The ’F841 is a 10-bit transparent latch, a 10- 
bit version of the 'F373. 

The ’F841 is functionally and pin compatible to AMD's 
Am29841. 


Ordering Code: see Section 5 


Logic Symbols 


Pin Assignment for 
DIP, SOIC and Fiatpak 


Og Og 07 0g 05 04 Os 02 0; Oy 


TL/F/9599-1 


[EEE/IEC 


wo aon Dm oO em WDY 


= 
o 


11 


—_ 
i) 
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PRELIMINARY 


Features 
m TRI-STATE® output 
m Direct replacement for AMD’s Am29841 


Connection Diagrams 


Pin Assignment 
for LCC 


Dy Dg Ds NC Dy D3 Dp 
Homan ee 
Ce 





O08 8,8,8 
(3) 2o 21] 22 23) Ba BS 
07 0g Os NC 04 03 0» 
TL/F/9599-3 


TL/F/9599~2 


Unit Loading/Fan Out: see eee 2 for U.L. Definitions 


a 2 ee 
Description ULL. Input tn/ lie 
HIGH/LOW Output Ion/loL 


1.0/1.0 

150/40 (33.3) 
1.0/1.0 
1.0/1.0 


Data Inputs 
TRI-STATE Outputs 
Output Enable Input 
Latch Enable 


20 pA/—-0.6 mA 
—3 mA/24 mA (20 mA) 
20 pA/—0.6 mA 
20 pA/—0.6 mA 





4-586 


Functional Description 


The '’F841 device consists of ten D-type latches with 
TRI-STATE outputs. The flip-flops appear transparent to the 
data when Latch Enable (LE) is HIGH. This allows asyn- 
chronous operation, as the output transition follows the data 
in transition. 


Function Table 


| 
m 
ri 


Troeereeerrririx 

rmroRM KX &MPrPo Trt r rT kx 

xxx xxx IOIrxirxio 
Zz z 

Be eee Bee re 

NNIPITSICNNNN 


Logic Diagram 


On the LE HIGH-to-LOW transition, the data that meets the 
setup and hold time is latched. Data appears on the bus 
when the Output Enable (OE) is LOW. When OE is HIGH 
the bus output is in the high impedance state. 


High Z 

High Z 

High Z 
Latched 
Transparent 
Transparent 
Latched 
Preset 
Clear 
Preset 
Latched 
Latched 


= HIGH Voltage Level 
= LOW Voltage Level 
= Immaterial 

= HIGH Impedance 
C = No Change 


H 
L 
xX 
Z 
N' 


TL/F/9599-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


54F/74F 
Max 


ViH 
Vit 


Output HIGH Voltage 54F 10% Voc 
54F 10% Vcc 


74F 10% Voc 


VoH 


74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


Output LOW 
Voltage 


54F 10% Vcc 
74F 10% Voc 


Input HIGH 5 
Current 7 
5 
7 


4F 
4F 
Input HIGH Current 4F 100 n 
Breakdown Test 4F 7.0 b 
4F 
74F 


Output HIGH 5 
Leakage Current 


Input Leakage 74F ‘ ; 
Test 
Output Leakage 


Input LOW Current 
Output Leakage Current 
Output Leakage Current 


5 
Output Short-Circuit Current -60 —150 


Bus Drainage Test 
Power Supply Current 


Symbol Parameter 
Min Typ 


Input HIGH Voltage 


Input LOW Voltage 
Input Clamp Diode Voltage 
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Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+4.5V to +5.5V 


Vcc Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
in = —18MA 
lon = —1mA 
lon = —3mMA 
lon = —1mMA 
lon = —3mMA 
lon = —1mMA 
lon = —3 mA 


lo. = 20 mA 
lo. = 24mA 


Vin = 2.7V 


Vin = 7.0V 


250 
50 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = OV 
Vout = 5.25V 
Vo = HIGHZ 


Max 


ele [3] 
>l> |S] > 


3 /= 
Ba 
Hai 
° 
< 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 
Dn to On 1 


5 
Propagation Delay 5.0 
LE to On 2.0 
Output Enable Time 2.5 
OE to O7 2.5 
Output Disable Time 1.0 
OE to O7 1.0 


Ta = +25°C 
Parameter Veo = +5.0V 


Setup Time, HIGH or LOW 2.0 
Dy to LE 


2.0 
Hold Time, HIGH or LOW 2.5 
D, to LE 3.0 


LE Pulse Width, HIGH 
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843 


ZA National 


Semiconductor 


54F/74F843 
9-Bit Transparent Latch 


General Description Features 


The 'F843 bus interface latch is designed to eliminate the ™ TRI-STATE® output 

extra packages required to buffer existing latches and pro- wm Direct replacement for AMD’s Am29843 
vide extra data width for wider address/data paths or buses 

carrying parity. 

The ’F843 is functionally and pin compatible with AMD’s 

Am29843. 


Ordering Code: see Section 5 


Logic Symbols Connection Diagram 


IEEE Symbol Pin Assignment 
for DIP and SOIC 


i 

2 
3 
4 
5 
6 
7 
8 
9 


=—_— = 
nv -+- 2 


TL/F/9453-6 
TL/F/9453-2 


Dp Dy Dy Ds Dy Ds Dg D7 Dg 


PRE Oy 01 02 03 04 05 Og 07 Og 


TL/F/9453-1 


Unit Loading/Fan Out: see Section 2 for U.L. Definitions 


54F/74F 


Description ULL. Input tn/he 
HIGH/LOW Output Ioxn/loL 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 


Output Enable Input 1.0/1.0 20 pA/—0.6 mA 
Latch Enable 1.0/1.0 20 pA/—0.6 mA 
Clear 1.0/1.0 20 pA/-—0.6 mA 
Preset 1.0/1.0 20 pA/—0.6 mA 
TRI-STATE Data Outputs | 150/40 (33.3) | —3 mA/24 mA (20 mA) 
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Functional Description 


The 'F843 consists of nine D-type latches with TRI-STATE 
outputs. The flip-flops appear transparent to the data when 
Latch Enable (LE) is HIGH. This allows asynchronous oper- 
ation, as the output transition follows the data in transition. 
On the LE HIGH-to-LOW transition, the data that meets the 
setup times is latched. Data appears on the bus when the 
Output Enable (OE) is LOW. When OE is HIGH, the bus 


Function Table 


| 
| 


i?) 
rr 
Pe) 
vU 
ee) 
m 
al 
mi 
rc 
m 


High Z 
High Z 
High Z 
Latched 
Transparent 
Transparent 
Latched 
Preset 
Clear 
Preset 
Latched 
Latched 


xx«x «<x << x<IrxKIorxIoO 


H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
H 


Logic Diagram 


[amie St esi! CA] pes i Ce aes Gem ce la a 
LiLrre rr crt tee 
Pn KX SRL Ee a < 
z z 
TrHrrereartreoirsx 


output is in the high impedance state. In addition to the LE 
and OE pins, the ’F843 has a Clear (CLR) pin and a Preset 
(PRE). These pins are ideal for parity bus interfacing in high 
performance systems. When CLR is LOW, the outputs are 
LOW if OE is LOW. When CLR is HIGH, data can be en- 
tered into the latch. When PRE is LOW, the Outputs are 
HIGH if OE is LOW. Preset overrides CLR. 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 
NC = No Change 


07 Og 
TL/F/9453~4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature ~65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


5 


Typ 
Vin 
VIL 


Input HIGH Voltage 

Input LOW Voltage 

Input Clamp Diode Voltage 

Output HIGH 54F 10% Vcc 

Voltage 54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
7T4F5% Voc 


54F 10% Voc 


Vou 


Output LOW Voltage 


74F 10% Voc 


54F 
74F 


54F 
74F 


54F 
74F 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


lie Input LOW Current 


74F 


74F 


lozH Output Leakage Current 
Output Leakage Current 


Output Short-Circuit Current 


loz 
los 
l7z Bus Drainage Test 


Ioc Power Supply Current 


54F/74F 


be ee 





Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Ve Conditions 


= 
° 


ax 
Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 

—1imA 

lon = —~3mA 

lon = —1mA 

lon = —3mA 

loy = —1mA 

loo = —3mMA 

lo. = 20 mA 

lol = 24mA 


| 
— 
i) 


loH = 


Vin = 2.7V 


Vin = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All other pins grounded 


Viop = 150 mV 
All other pins grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = OV 
Vout = 5.25V 


3 = 
2 : 


= =e E13 = = = = 


= 
> 
x 





Parameter 


Propagation Delay 
Dy to On 


Propagation Delay 
LE to On 


Propagation Delay 
PRE to On, 


Propagation Delay 
CLR to On 


Output Enable Time 
OE to O7 


Setup Time, HIGH or LOW 
Dy, to LE 


Hold Time, HIGH or LOW 
Dy to LE 


CLR Pulse Width, LOW 
PRE Recovery Time 
LR Recovery Time 


Ta = +25°C 
Vec = +5.0V 
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AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Tas Voc = Mil 
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774 National 


Semiconductor 


54F/74F845 
8-Bit Transparent Latch 


General Description Features 


The 'F845 bus interface latch is designed to eliminate the ™ TRI-STATE® outputs 

extra packages required to buffer existing latches and pro- _@ Direct replacement for AMD’s Am29845 
vide extra data width for wider address/data paths or buses 

Carrying parity. 

The ’F845 is functionally- and pin-compatible with AMD’s 

Am29845. 


Ordering Code: see section 5 
Logic Symbols Connection Diagrams 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for LCC 


OJOE, Dy Dy Dz Ds 04 Ds Dg D; 
HOON ee 


LE 
OJPRE % 0; O02 03 O% O5 Og 07 





TL/F/9601-3 


oan nnrnrwan = 





IEEE/IEC 


B.8,8,8.8.8 4 
(3) 20 2 2 23 el eS) 
05 O5 04 NC 03 0» 0, 
; TL/F/9601-2 


=_— = 
nv =~ Oo 


TL/F/9601-1 


TL/F/9601-5 


Unit Loading/Fan eee See Section 2 for U.L. Definitions 


| TAF 
Description ULL. Input Iy/Iyb 
HIGH/LOW Output Ion/loL 


Data Inputs 1.0/1.0 20 pA/—0.6 mA 
Data Outputs 150/40 (33.3) —3.0 pA/24 mA (20 mA) 
Output Enables 1.0/1.0 20 pA/—0.6 mA 
Latch Enable 1.0/1.0 20 pA/—6.6 mA 
Clear 1.0/1.0 20 pA/—0.6 mA 
Preset 1.0/1.0 20 pA/—0.6 mA 
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Functional Description 


The ’F845 consists of eight D-type latches with TRI-STATE 
outputs. The flip-flops appear transparent to the data when 
Latch Enable (LE) is HIGH. This allows asynchronous oper- 
ation as the output transition follows the data in transition. 


Logic Diagram 


() () 
P P 
D D 
eal Ee 
OO () 
5 


P 
E 6 Op 
= 
J 


ie 


at 


On the LE HIGH-to-LOW transition, the data that meets the 
setup times is latched. Data appears on the bus when the 
output Enable (OE) is LOW. When OE is HIGH, the bus 
output is in the high impedance state. 


ane 


la, 


0p 0, 0» 





03 0,4 05 05 07 


TL/F/9601-4 


Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


Function Table 


CLR PRE OE LE 


D 
X 
L 
H 
X 
L 
H 
xX 
X 
X 
Xx 
X 
Xx 


High Z 

High Z 

High Z 
Latched 
Transparent 
Transparent 
Latched 
Preset 
Clear 
Preset 
Latched 
Latched 


R 
H 
H 
H 
H 
H 
H 
H 
L 
H 
L 
H 
L 


oe ear oe ee 
Dear eae ee ee 
rmx <x «Mr or Lux 


HIGH Voltage Level 
LOW Voltage Level 
Immaterial 
High Impedance 

C = No Change 
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Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 56°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 
DC Electrical Characteristics 


Symbol Parameter 


ViH 
ViL 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 

Voltage 54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


54F 10% Voc 
T4F 10% Voc 


54F 
74F 


54F 
74F 


54F 
74F 


Vep 
VoH 


Output LOW 


Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 


Test i 


Output Leakage 
Circuit Current 


lit Input LOW Current 


74F 


lozH Output Leakage Current 
Output Leakage Current 


Output Short-Circuit Current 


lozt 
los 
lzz Bus Drainage Test 


locz Power Supply Current 


54F/74F 
Min Typ Max 
v 


V 


v 
2.5 
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Recommended Operating | 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


lon = —~1MA 
log = —3mA 
lon = —1mA 
lon = —3mA 


Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = 5.25V 
Vo = HIGHZ 


3 


= = = = = 


3 


=e TE 
> 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vcc = +5.0V 
C. = 50 pF 


Ta; Voc = Mil 
Ci = 50 pF 


Propagation Delay 
Dn to On 


Propagation Delay 
LE to ee 
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AC Operating Requirements: see Section 2 for Waveforms 


| 


Ta = +25°C 
Parameter Voc = +5.0V 


Setup Time, HIGH or LOW 
Dn to LE 


| Min Max _| 
Hold Time, HIGH or LOW ae 
Dn to LE 
emo ce 
enero (one eg 
| 
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Semiconductor 


54F/74F899 
9-Bit Latchable Transceiver 
with Parity Generator/Checker 


General Description Features 
The 'F899 is a 9-bit to 9-bit parity transceiver with transpar- ™ Latchable transceiver with output sink of 24 mA at the 
ent latches. The device can operate as a feed-through A-bus and 64 mA at the B-bus 
transceiver or it can generate/check parity from the 8-bit mm Option to select generate parity and check or “feed- 
data busses in either direction. It has a guaranteed current through” data/parity in directions A-to-B or B-to-A 
sinking capability of 24 mA at the A-bus and 64 mA at the =m Independent latch enables for A-to-B and B-to-A direc- 
B-bus. tions 
The ’F899 features independent latch enables for the Select pin for ODD/EVEN parity 
A-to-B direction and the B-to-A direction, a select pin for ERRA and ERRB output pins for parity checking 
ODD/EVEN parity, and separate error signal output pins for Ability to simultaneously generate and check parity 
checking parity. May be used in systems applications in place of the 
"F543 and 'F280 
May be used in system applications in place of the 
’F657 and ’F373 (no need to change T/R to check par- 
ity) 
Guaranteed 4000V min ESD protection 


Ordering Code: see Sections 


Logic Symbol Connection Diagram 


Pin Assignment for PCC 
Az Ag Ag Ag Az Ap Ay 


Bo By B82 Bs By Bs Bg B7BPAR HOOD 
ODD/EVEN 


ERRA 


ERRB 


Ay Ay Az Az Ag As Ag A7APAR 


TL/F/10195-16 28) 
Bz Be Be By Bz By B 
i aa ae at TL/F/10195~1 


Input Loading/Fan-Out: see Section 2 


54F/74F HIGH/LOW 


Deseripticn ULL. Input hy/lie 
HIGH/LOW Output Ion/IoL 


Ag-A7z Data Inputs/ 1.0/1.0 20 pA/—0.6 mA 
Data Outputs 150/40 —3 mA/24 mA 
Bo-B7 Data Inputs/ 1.0/1.0 20 pA/—0.6 mA 
Data Outputs 600/106.6 —12 mA/64 mA 
APAR A Bus Parity 1.0/1.0 20 pA/—0.6 mA 
Input/Output 150/40 —3 mA/24 mA 
BPAR B Bus Parity 1.0/1.0 20 pA/—0.6 mA 
Input/Output 600/106.6 —12 mA/64 mA 
ODD/EVEN Parity Select Input 1.0/1.0 20 pA/—0.6 mA 
GBA, GAB Output Enable Inputs 1.0/1.0 20 pA/—0.6 mA 
SEL Mode Select Input 1.0/1.0 20 pA/—0.6 mA 
LEA, LEB Latch Enable Inputs 1.0/1.0 20 pA/—0.6 mA 
ERRA, ERRB Error Signal Outputs 50/33.3 —1 mA/20 mA 
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[“pinames [Desorption ————*d 


Ao-A7 
Bo-B7 
APAR, BPAR 


A Bus Data Inputs/Data Outputs 

B Bus Data Inputs/Data Outputs 

A and B Bus Parity Inputs 
ODD/EVEN Parity Select, Active 
LOW for EVEN Parity 

Output Enables for A or B Bus, 
Active LOW 

Select Pin for Feed-Through or 
Generate Mode, LOW for Generate 
Mode 

Latch Enables for A and B Latches, 
HIGH for Transparent Mode 

Error Signals for Checking 
Generated Parity with Parity In, 
LOW if Error Occurs 


Functional Description 


The 'F899 has three principal modes of operation which are 
outlined below. These modes apply to both the A-to-B and 
B-to-A directions. 


— Bus A (B) communicates to Bus B (A), parity is generat- 
ed and passed on to the B (A) Bus as BPAR (APAR). If 
LEB (LEA) is HIGH and the Mode Select (SEL) is LOW, 
the parity generated from B[0:7] (A[0:7]) can be 
checked and monitored by ERRB (ERRA). 

Bus A (B) communicates to Bus B (A) in a feed-through 
mode if SEL is HIGH. Parity is still generated and 
checked as ERRA and ERRB in the feed-through mode 
(can be used as an interrupt to signal a data/parity bit 
error to the CPU). 

Independent Latch Enables (LEA and LEB) allow other 
permutations of generating/checking (see Function Ta- 
ble below). 


Function Table 


Operation 


Pepe s Pa inact 


Generates parity from B[0:7] based on O/E (Note 1). Generated parity 


H 
ERRB. 


H L L H H 
as ERRA. 


— APAR. Generated parity checked against BPAR and output as 


Generates parity from B[0:7] based on O/E. Generated parity —> 
APAR. Generated parity checked against BPAR and output as ERRB. 


Generated parity also fed back through the A latch for generate/check 


H L L X L | Generates parity from B latch data based on O/E. Generated parity 
-—» APAR. Generated parity checked against latched BPAR and 
output as ERRB. 
BPAR/BI[0:7] —> APAR/A0:7] Feed- ae mode. Generated parity 
checked against BPAR and output as ERR 


BPAR/B[0:7] — APAR/A[0:7] 

Feed-through mode. Generated parity checked against BPAR and 
output as ERRB. Generated parity also fed back through the A latch for 
generate/check as ERRA. 


Generates parity for A[0:7] based on O/E. Generated parity — 
BPAR. Generated parity checked against APAR and output as ERRA. 


H_ | Generates parity from A[0:7] based on O/E. Generated parity —> 
BPAR. Generated parity checked against APAR and output as ERRA. 
Generated parity also fed back through the B latch for generate/check 
as ERRB. 

X | Generates parity from A latch data based on O/E. Generated parity 

— BPAR. Generated parity checked against latched APAR and 
output as ERRA. 
APAR/A[0:7] —> BPAR/B[0:7] 
Feed-through mode. Generated parity checked against APAR and 
output as ERRA. 
H H H H_ | APAR/A[0:7] —> BPAR/B[0:7] 
Feed-through mode. Generated parity checked against APAR and 
output as ERRA. Generated parity also fed back through the B latch for 
generate/check as ERRB. 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 


Note 1:0/E = ODD/EVEN 
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Functional Block Diagram 


GAB 


SEL 


ODD/EVEN 
LEB 


AC Path 
SEL 


An, APAR 
(Bn, BPAR) 


Bn, BPAR 
(An, APAR) 


An, APAR — Bp, BPAR 
(Bh, BPAR — Ap, APAR) 


9=bit 
Output 
Buffer 


pany ie 
GENERATOR 


TRANSPARENT 
Buffer 


TL/F/10195-2 


ioweRe-———_—_—_—/24~<————————————— 


OUTPUT 


TL/F/10195-3 


FIGURE 1 
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SEL 
o/E 


LEA 
(LEB) 


ALO:7) 
(810:71) 


BPAR 
(APAR) 


An —> BPAR 
(8, —> APAR) 


APAR 
(BPAR) 


AC Path (Continued) 


0 


0 


1 


ODD PARITY 


ODD PARITY 


EVEN PARITY 


FIGURE 2 


EVEN PARITY 


= 





FIGURE 3 


ODD PARITY INPUT 


OUTPUT 


TL/F/10195-4 


ODD PARITY INPUT 


OUTPUT 


TL/F/10195-5 


AI0:71 x | 
(810:71) EVEN PARITY INPUT 


TPHL 


FIGURE 4 
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INPUT 


OUTPUT 


TL/F/10195-6 





668 


AC Path (continued) 
— 0 

SEL 
APAR 0 

(BPAR) 


AI0:7) xX 
(BI0:71) EVEN PARITY 


O/E 


BPAR 


(APAR) OUTPUT 


O/E —> BPAR 
(O/E — APAR) TL/F/10195~-7 


FIGURE 5 


0 
O/é 


A(0:7)] x 
(BL0:73) EVEN PARITY 


APAR 
(BPAR) 


ERRA 


(ERR) OUTPUT 


APAR — ERRA True 


(BPAR — ERRB) FIGURE 6 TL/F/10195-8 


il 
o/é 


APAR 
(BPAR) 9 


A(0:7] 
(B[0:7}) 


LEA 
(LEB) 


ERRB 


(ERRA) OUTPUT 


TPLH 
TL/F/10195-18 
FIGURE 7 


SEL 
1 

GAB 

(GBA) 


BPAR, BI0:7] P 
(APAR, A[0:7]) OED 





TL/F/10195-9 
FIGURE 8 
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AC Path (Continued) 


7 


1 
GAB 
(GBA) 


BPAR, BI0:7] 
(APAR, A(0:73) 


TL/F/10195-10 
FIGURE 9 


x EVEN PARITY 


BPAR OUTPUT 


(APAR) 


SEL — BPAR TL/F/10195-11 
(SEL — APAR) 
FIGURE 10 


SEL 


O/E 4 


AL0:71, APAR 
(80:7), BPAR) 


LEA 
(LEB) 


BI0:71, BPAR 
(A0:7], APAR) OUTPUT 


LEA -» BPAR, B[0:7] TL/F/10195~12 
(LEB —> APAR, A[0:7]) 
FIGURE 11 
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AC Path (continued) 


LEA 
(LEB) 


APAR, AI0:7] 
(BPAR, BI0:7]) 


TS(H), TH(H) 
LEA —> APAR, A[0:7] 
(LEB — BPAR, B[0:7)) 


LEA 
(LEB) 


APAR, AL0:7) 
(BPAR, BIO:7)) 


TS(L), TH(L) 
LEA — APAR, A[0:7] 
(LEB — BPAR, B[0:7]) 


LEA 
(LEB) 


APAR, AI0:7] 
(BPAR, BI0:71) 


BPAR, AL0:7] 
(APAR, BI0:7]) 


TS(H) 


FIGURE 12 


TS(L) 


FIGURE 13 


FIGURE 14 
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TL/F/10195-13 


TL/F/10195-14 


OUTPUT 


TL/F/10195-17 
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Absolute Maximum Ratings (note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential 


to Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0 mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


Vin Input HIGH Voltage 


Vit Input LOW Voltage 


Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 

Voltage 54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voo 
74F 5% Voc 


54F 10% Voc 


2. 

2.4 
2.0 
2.5 
2.4 
2.0 
2.7 
2.7 


Output LOW 
Voltage 
54F 10% Vcc 
74F 10% Voc 


74F 5% Voc 


74F 10% Voc 


Input Threshold Voltage 


Negative Ground Bounce 
Voltage 

Positive Ground Bounce 
Voltage 


Input Low Current 


Input HIGH 54F 
Current 74 


54F/74F 
Vec 
Min Typ Max 
Recognized as a 
LOW Signal 


Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) 
ESD Last Passing Voltage (Min) 


—0.5V to Voc 
~—0.5V to +5.5V 


Twice the Rated Io, (mA) 
4000V 


Recommended Operating 


Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a 
HIGH Signal 


lon = —1mA 

lon = —3mA 
lou = —12 mA (Bp, BPAR) 

lon = —1mA 

Vv lon = —3mA 
lon = —15 mA (Bp, BPAR) 

=-1mA 

lon = —3mA 


lol = 20mA 

(An, APAR, ERRA, ERRB) 

lo. = 48 mA (Bp, BPAR) 
Vv lo. = 20mA 

(An, APAR, ERRA, ERRB) 

lo. = 24mA 

(An, APAR, ERRA, ERRB) 

lo. = 64 mA (Bp, BPAR) 


+0.1V, Sweep Edge Rate must be > 1V/50 ns 


Observed on “quiet” output during 

simultaneous switching of remaining outputs 
Vv Observed on “quiet” output during 

simultaneous switching of remaining outputs 


| 06 | ma | viv = 0.5V 


Vin = 2.7V 


4 
F 
Input HIGH Current 54F 
Breakdown Test 74F 
Input HIGH Current 54F 
Breakdown (I/O) 74F 


4 
1, 
ok 
re 
; 


5 
0 
0 
20.0 
On | ae 
100 Vin = 7.0V 
0 (ODD/EVEN, GBA, GAB, SEL, LEA, LEB) 
0 Vin = 5.5V 
3S mn | oe 


(An, Bn, Apar: Bear) 
4-606 





DC Electrical Characteristics (continued) 


Icex Output HIGH . 54F 
Leakage Current 74F 


Vip Input Leakage 74F 4 
Test 
Output Leakage 
Circuit Current ae 
Input Low Current 
Output Leakage Current 
Current 
Output Leakage Current 


Conditions 


Vout = Vcc 
lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V 


Vio = 2.7V 
(An; Bn, APAR, BPAR) 


Vivo = 0.5V 
(An; Bn, APAR, BPAR) 


Vout = OV 
(Ap, APAR, ERRA, ERRB) 
Vour = OV (Bp, BPAR) 


Vout = 5.25V 
Vo = HIGH 


Vo = LOW, GAB = LOW, 
GBA = HIGH, Vi_ = LOW 


Vo = HIGHZ 


max | 06 | ma 


Min Typ Max 
250 
50 HA 
Vv 
3.75 pA 
70 
—60 


Cc 
75 
ax 
ax 
ax 
ax 


Output Short-Circuit Current M 


—150 


> 





set) 
x 


Izz Bus Drainage Test 0.0V 
IocH Power Supply Current Max 
ax 


> 


= 
> 


IocL Power Supply Current 


Iocz Power Supply Current M 


> 


AC Electrical Characteristics 


Ta = +25°C = = 
Parameter Vec = +5.0V 
Ci = 50 pF 
Min Typ | win Max | Min Max_ 


Propagation Delay 4.0 7.5 13.0 
An, APAR to By, BPAR 4.0 8.5 13.0 


Propagation Delay 7.5 12.0 17.0 
An, Bn to BPAR, APAR 7.5 12.5 17.0 


Propagation Delay 7.5 12.0 17.0 
An; Bn to ERRA, ERRB 7.5 12.5 17.0 


Propagation Delay 4.5 7.5 11.0 
ODD/EVEN to ERRA, ERRB 4.5 8.0 11.0 


Propagation Delay 4.5 7.5 11.5 
ODD/EVEN to APAR, BPAR 4.5 8.5 11.5 
Propagation Delay 5.5 9.0 13.0 


APAR, BPAR to ERRA, ERRB 5.5 9.5 13.0 


LEA/LEB to 9.5 13.0 17.5 
ERRA/ERRB 9.7 17.5 
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AC Electrical Characteristics (continued) 


sari7ar | aE | TOF 


Ta = +25°C 
Parameter | Vec = +5.0V 


— = 50 a 
teLH Propagation Delay 
tpHL SEL to APAR, BPAR 


tpLH Propagation Delay 
tpHL LEB to Aj, APAR ae 


teLH Propagation Delay 3.5 
tpHL LEA to B,, BPAR 3.5 


tp2H Output Enable Time 
tpzL GBA or GAB to Ap, 
APAR or Bp, BPAR 


tpHz Output Disable Time 
tpLz GBA or GAB to Ap, 
APAR or By, BPAR 


t,(H) Setup Time, HIGH or LOW 
t,(L) An, By to LEA, LEB 


th(H) Hold Time, HIGH or LOW R 
899- 
tr(L) An, By to LEA, LEB 99-12, 13 


Se a ep 





899-12, 13 
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ZA National 


Semiconductor 


54F/74F968 


1 Mbit Dynamic RAM Controller 


General Description 


The 'F968 is a high performance memory controller, replac- 
ing many SSI and MSI devices by grouping several unique 
functions. It provides two 10-bit address latches and two 10- 
bit counters for row and column address generation during 
refresh. A 2-bit bank select latch for row and column ad- 
dress generation during refresh and a 2-bit bank select latch 
for the two high order address bits are provided to select 
one of the four RAS and CAS outputs. 


Ordering Code: see Section 5 
Logic Symbol 


Features 

m Provides control for 16k, 64k, 256k or 1 Mbit DRAM 
systems 

@ Outputs directly drive up to 88 DRAMs 

m Chip select for easy expansion 

m Provides memory refresh with error correction mode 

g 52-pin plastic leaded chip carrier 


TL/F/9604-1 
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Connection Diagram 


Pin Assignment 
for PCC 


AC2 ARg AC, AR, ACy ARgMSEL CS CASI RASp CAS, RAS, CAS, 


Domb Ht Te 
Haass Bees: da 


B88 ,8,8,8,0,8,0,0,0,0 
(54) [35] (Se) (37) (58) [Ss] (40) [4s] [42] [43] [44] [as] [ae] 


ACg ARg ACgSELgSEL; MC, MCo RAS! CAS3RAS3 CAS» RAS, Qg 
TL/F/9604-3 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Pin Names 


RASg-RAS3 
CAS9-CAS3 


Qo-Qg 


54F/74F 


Description ULL. Input tyy/Nie 
HIGH/LOW | Output loy/loL 


Column Address Inputs 1.0/1.0 20 pA/-0.6 mA 
Row Address Inputs 1.0/1.0 20 pA/—0.6 mA 
Mode Control Inputs 1.0/1.0 20 pA/—0.6 mA 
Chip Select Input 1.0/1.0 20 pA/—0.6 mA 
Multiplexer Select Input 1.0/1.0 20 pA/—0.6 mA 
Latch Enable Input 1.0/1.0 20 pA/—0.6 mA 
Bank Select Inputs 1.0/1.0 20 pA/—0.6 mA 
Row Address Strobe In 1.0/1.0 20 pA/—0.6 mA 
Column Address Strobe In 1.0/1.0 20 pA/—0.6 mA 
Output Enable 1.0/1.0 20 pA/—0.6 mA 


Row Address Strobe Outputs 150/1.667 | —3mA/1.0mA 
Column Address Strobe Outputs | 150/1.667 | —3mA/1.0mA 


Address Outputs 150/1.667 —3 mA/1.0 mA 


Pin Description 


Name 


ARop-ARg 
ACg—ACg 


SELo-SEL, 


LE 


MCo, MC, 
Qo-Qg 


RASI 


RASo-RAS3 


1/0 


Description 


Address Inputs. ARg—ARg are latched in as the 10-bit Row Address for the RAM. These inputs drive 
Qo-Qg when the 'F968 is in the Read/Write mode and MSEL is LOW. ACg—ACg are latched in as the 
Column Address, and will drive QgQ-Qg when MSEL is HIGH and the ’F968 is in the Read/Write mode. The 
addresses are latched with the Latch Enable (LE) signal. : 


Bank Select. These two inputs are normally the two higher order address bits, and are used in the 
Read/Write mode to select which bank of memory will be receiving the RAS, and CAS, signals after RASI 
and CASI go HIGH. 


Latch Enable. This active-HIGH input causes the Row, Column and Bank Select latches to become 
transparent, allowing the latches to accept new input data. A LOW input on LE latches the input data, 
assuming it meets the setup and hold time requirements. 


Multiplexer Select. This input determines whether the Row or Column Address will be sent to the memory 
address inputs. When MSEL is HIGH the Column Address is selected, while the Row Address is selected 
when MSEL is LOW. The address may come from either the address latch or refresh address counter 
depending on MCo, MC}. 

Chip Select. This active-LOW input is used to enable the F968. When GS is active, the ’F968 operates 
normally in all four modes. When CS goes HIGH, the device will not enter the Read/Write mode. This 
allows other devices to access the same memory that the ’F968 is controlling (e.g., DMA controller). 


Output Enable. This active-LOW input enables/disables the output signals. When OE is HIGH, the outputs 
of the ’F968 enter the high impedance state. The OE signal allows more than one ’F968 to control the 
same memory, thus providing an easy method to expand the memory size. 


Mode Control. These inputs are used to specify which of the four operating modes the ’F968 should be 
using. The description of the four operating modes is given in the Mode Control Function Table. 


Address Outputs. These address outputs will feed the DRAM address inputs and provide drive for 
memory systems up to 500 pF in capacitance. 


Row Address Strobe Input. During normal memory cycles, the decoded RAS, output (RASo, RAS, 
RASo or RAS3) is forced LOW after receipt of RASI. In either refresh mode, all four RAS, outputs will go 
LOW following RASI going HIGH. 


Row Address Strobe. Each one of the Row Address Strobe outputs provides a RAS, signal to one of the 
four banks of dynamic memory. Each will go LOW only when selected by SELp and SEL, and only after 
RAS! goes HIGH. All four go LOW in response to RASI in either of the Refresh modes. 


Column Address Strobe Input. This input going active will cause the selected CAS, output to be forced 
LOW. 


Column Address Strobe. During normal Read/Write cycles the two select bits (SEL 9, SEL;) determine 
which CAS, output will go active following CASI going HIGH. When memory error correction is performed, 
only the CAS, signal selected by CNTRo and CNTR; will be active. For non-error correction cycles, all four 
CAS, outputs remain HIGH. 
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Functional Description 

The 74F968 is a 1 Mbit DRAM controller which is functional- ‘A 10-bit multiplexer selects the output address between the 
ly equivalent to AMD’s Am29368. The 74F968 provides input row address, column address, refresh counter row ad- 
row/column address multiplexing, refresh address genera- dress, column address, or zero (clear). Four RAS and four 
tion and bank selection for up to four banks of RAMs. CAS outputs select the appropriate bank of RAMs and 
Twenty-two (22) address bits (ARg-ARg, ACg—ACg and strobe in the row and column addresses. 

bank select addresses SELg and SEL ) are presented to It should be noted that the counters are cleared (MCo, MC, 
the controller. These addresses are latched by a 22-bit = 1, 1) on the next RASI transition, but the Q outputs are 
latch. A 22-bit counter generates the refresh address. asynchronously cleared through the multiplexer. 


Mode Control Function Table 


MC, Operating Mode 


Refresh without Error Correction— Refresh cycles are performed with only the Row Counter being 
used to generate addresses. in this mode, all four RAS, outputs are active while the four CAS, signals 
are kept HIGH. na 


Refresh with Error Correction/Initialize— During this mode, refresh cycles are done with both the 
Row and Column counters generating the addresses. MSEL is used to select between the Row and 
Column counter. All four RAS, outputs go active in response to RASI, while only one CAS, output goes 
LOW in response to CASI. The Bank Counter keeps track of which CAS, output will go active. This 
mode of operation is possible when supported by an error detection/correction circuit such as the 

. "F632. 


Read/Write— This mode is used to perform Read/Write cycles. Both the Row and Column addresses 
are latched and multiplexed to the address output lines using MSEL; SELo and SEL, are decoded to 
determine which RAS, and CAS, will be active. 


Clear Refresh Counter— This mode will clear the three refresh counters (Row, Column and Bank) on 
the HIGH-to-LOW transition of RASI, putting them at the start of the refresh sequence. In this mode, all 
four RAS, outputs are driven LOW upon receipt of RASI so that DRAM wake-up cycles are performed. 


H This mode also asynchronously clears the Q, outputs. 


fee | : ; 


HIGH Voltage Level 


H = 
L = LOW Voltage Level 


| Address Output Function Table 


MSEL | Mode MUX Output 
xX Refresh without Error Correction Row Counter Address 


Refresh with Error Correction Column Counter Address 
Row Counter Address 


cs 


Column Address Latch 
Row Address Latch 

| Zero 

Row Counter Address 


Refresh with Error Correction Column Counter Address 
Row Counter Address 


Read/Write Zero 
Clear Refresh Counter Zero 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
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| oS | mcs | mco | sets | 
Px | x | x | x 
L L 


X 


re Sl Pe cea Po 


= 


RAS Output Function Table 


| Seto | Mode 
X Non-Refresh 


Refresh without Error Correction 


Refresh with Error Correction 


oes Read/Write 
fH | 
te 
a 


CAS Output Function Table 


Internal Counter | __Inputs 


CNTR, CNTRo S 


Pa 


X 


X 
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Block Diagram 


CONTROL 
LOGIC 


10} COLUMN 
LATCH 


Memory Cycle Timing 

The relationship between the ’F968 specifications and sys- 
tem timing requirements is shown in Figures 1-6. T1, T2 
and T3 represent the minimum timing requirements at the 
"F968 inputs to guarantee that the RAM timing requirements 
are met and that maximum system performance is 
achieved. 
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RAS ~ RAS 


BANK 
COUNTER 


CAS ~ CASs 


COLUMN 
COUNTER 


MULTIPLEXER uv 


ROW 
COUNTER 


TL/F/9604-4 


The minimum requirement for T1, T2 and TS are as follows: 
T1 Min = tasr + tskew 
T2 Min = tran + tskew 
T3 Min = T2 + tskew + tasc. 


See RAM data sheet for applicable values for tran, tasc 
and tasr. 





Memory Cycle Timing (continued) 


ARn, ACn oe, 


YXYYY WYVYYYY VY 
XXXK MK ROW ADDRESS VALID XXX XXX XXX XK COLUMN ADORESS VALID 


MEMORY CYCLE TIMING 


RASI/CASI PULSE WIDTHS 


RASI/CASI \ / \ 


TL/F/9604-5 
FIGURE 1. Dynamic Memory Controller Timing 


ARn, ACn 4 


V/V 
CXXXK A COLUMN ADDRESS VALID 


XXX? — | 


Qn 


WAS 


CASn 


TL/F/9604-6 
Note A: Guaranteed maximum difference between fastest RASI to RAS, delay and the slowest A, to Q, delay on any single device. 
Note B: Guaranteed maximum difference between fastest MSEL to Q, delay and the slowest RASI to RAS, delay on any single device. 
Note C: Guaranteed maximum difference between fastest CASI to CAS, delay and the slowest MSEL to Q, delay on any single device. 


FIGURE 2. Specifications Applicable to Memory Cycle Timing (MC, = 1,0) 
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Memory Cycle Timing (Continuea) 


ARn, ACn 


YVVY¥Y 
an =| «XXX XE ROW REFRESH ADDRESS YX) COLUMN REFRESH ADDRESS 


7 a 


TL/F/9604-7 
FIGURE 3. Desired System Timing 


Refresh Cycle Timing 


MCn 4 


EY YE COLUMN REFRESH ADDRESS VALID 


z XXXX) aes, son 


oO— 


ANN: 


CASI 


CASn 


' TL/F/9604-8 
Note B: Guaranteed maximum difference between fastest MSEL to Q, delay and the slowest RASI to RAS, delay on any single device. 
Note C: Guaranteed maximum difference between fastest CASI to CAS, delay and the slowest MSEL to Q, delay on any single device. 
Note D: Guaranteed maximum difference between fastest RASI to RAS, delay and the slowest MC,, to Q, delay on any single device. 


FIGURE 4. Specifications Applicable to Refresh Cycle Timing (MC, = 00,01) 
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Refresh Cycle Timing (Continued) 


MCn 4 MCn = 01 
Qn XXX} ROW REFRESH ADDRESS VALID XXX — OAUMN RERESH 


tase : 
RAH 


Nt. 


tasc 


Wh 


TL/F/9604-9 
FIGURE 5. Designed Timing—Refresh with Error Correction 


MCn x MCn=00 


Qn 


RASI 


tasr 
RASn 


TL/F/9604-10 


FIGURE 6. Desired Timing—Refresh without Error Correction 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias 
Junction Temperature under Bias 
Voc Pin Potential to , 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vocg = OV) 
Standard Output 
3-State Output 


—58°C to + 175°C 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Min Typ Max 
input HIGH Voltage p20. 
2.5 


Vi 
VIL 


Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 

Voltage 54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 
74F 5% Voc 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


54F 
74F 


54F 
74F 


54F 
74F 


Output LOW 
Voltage 


Input HIGH 
Current 


Input HIGH Current 
Breakdown Test 


Output HIGH 
Leakage Current 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


Input LOW Current 


74F 


74F 


lozH Output Leakage Current 
lozL Output Leakage Current 


Output Short-Circuit Current 


| 
fo) 
o 


los 
Izz Buss Drainage Test 
IocH Power Supply Current 


loc. Power Supply Current 


locz Power Supply Current 


—58°C to +.125°C. 
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Current Applied to Output 
in LOW State (Max) twice the rated Io. (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to +5.5V 
+4.5V to +5.5V 


Voc Conditions 


Recognized as a HIGH Signal 


Vv 
Vv 


Recognized as a LOW Signal 


V lin = —18mA 


lou = —1mA 
lon = —3mMA 
lon = —1mA 
lon = —3mMA 
lon = —1mA 
lon = —3mMA 


lo. = 1.0mA 
lol = 12mA 
lo. = 1.0mA 
lo. = 12 mA 


VIN = 2.7V 


Vin = 7.0V 


Vout = Vcc 


= 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


VIN = 0.5V 
Vout = 2.7V 
Vout = 0.5V 
VouT = 0V 
Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


3 
> 


= =e TE = = = 
2 
o 
< 





AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


74F 


Ta = +25°C 
Symbol Parameter Vec = + 5.0V 
C. = 50 pF 


Min Typ Max | Min Max | Min Typ Max 

teLH Propagation Delay 3.0 7.0 11.0 2.5 12.0 19.0 

tpHL AR to Qn 3.0 7.0 11.0 2.5 12.0 22.0 

tpLH Propagation Delay 3.0 7.0 11.0 2.5 12.0 19.0 

tpHL AC to Qn 3.0 7.0 11.0 2.5 12.0 22.0 

tpLy Propagation Delay 3.5 8.0 12.0 3.0 13.0 23.0 

tpHL RASI to RAS, 3.5 7.0 12.0 3.0 13.0 20.0 

teLH Propagation Delay 1.0 6.0 8.0 1.0 8.5 19.0 

tpHL CASI to CAS, 1.0 4.0 8.0 1.0 8.5 17.0 

tPLH | Propagation Delay 3.0 9.0 13.0 2.5 14.0 24.0 
tpHL MSEL to Q, 3.0 8.0 13.0 2.5 14.0 - 21.0 
tpLH Propagation Delay 4.0 10.0 15.0 3.5 16.0 25.0 
tpHL MC, to Qn 4.0 9.0 15.0 3.5 16.0 22.0 
tPLH Propagation Delay 3.5 11.0 17.5 3.0 18.5 

tpHt MC, to RAS, 3.5 8.0 17.5 3.0 18.5 

tPLH Propagation Delay 4.0 8.0 12.5 3.5 13.5 23.0 
tpHL MC, to CAS, 4.0 9.0 12.5 3.5 13.5 21.0 
tPLH Propagation Delay 4.0 10.0 15.0 3.5 16.0 25.0 
tPHL LE to RAS, 4.0 9.0 15.0 3.5 16.0 24.0 
teLH Propagation Delay 5.0 9.0 13.5 4.5 14.5 24.0 
tpHL LE to CAS, 5.0 9.0 13.5 45 14.5 24.0 
tpLy Propagation Delay 3.5 8.0 12.0 3.0 13.0 

tPHL LE to Qn 3.5 7.0 12.0 3.0 13.0 

teLH Propagation Delay 3.0 10.0 14.5 3.0 15.5 25.0 
tpHL CS to Qn 3.0 8.0 14.5 3.0 15.5 23.0 
tpLH Propagation Delay 3.5 8.0 13.0 3.0 14.0 23.0 
tPHL CS to RAS, 3.5 8.0 13.0 3.0 14.0 23.0 
teLH Propagation Delay 4.0 8.0 11.5 3.5 12.5 

tpHL CS to CAS, 4.0 8.0 11.5 3.5 12.5 


Ta, Vcc = Com 
C,, = 500 pF* 


tPLH Propagation Delay 4.0 9.0 15.5 3.5 16.0 
tPHL SEL, to RAS, 4.0 8.0 15.5 3.5 16.0 


tepLH Propagation Delay 4.5 9.0 14.5 4.0 15.5 J 
tpHL SEL, to CAS, 45 9.0 14.5 4.0 15.5 


*These values are given for typical derivative with a 500 pF load; these are not guaranteed specifications. 
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896 


968 


Parameter 


_ Output Disable Time 
OE toQ, 


Output Enable Time 
OE toQ, 


Output Disable Time 


OE to RAS, 


Output Enable Time 
OE to RAS, 


Output Disable Time 
OE to CAS, 


Output Enable Time 
OE to CAS,, 


Parameter 


Setup Time, HIGH or LOW 
AntoLe . 


Hold Time, HIGH or LOW 
An to LE 


Setup Time, HIGH or LOW 
SEL to LE 


Hold Time, HIGH or LOW 
SEL to LE 


Pulse Width, HIGH or LOW 
CAS», = 


Q, to CAS, RAS 


Ta=t+ 


25°C 


Voc = +5.0V 
oe = 50 pF 


_—Min typ x fine 


5.0 
4.0 


5.0 
6.0 


5.0 
4.0 


5.0 
6.0 


5.0 
4.0 


5.0 
6.0 
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ae 


AC Electrical Characteristics (Continued): See Section 2 for Waveforms and Load Configurations 


ie 10.0 
10.0 


10.0 
10.0 
10.0 
10.0 
10.0 
10.0 





ZA National 


Semiconductor 


54F/74F2241¢54F/74F2244 
Octal Buffers/Line Drivers with 252 Series 
Resistors in Outputs 


General Description 


The 'F2241 and 'F2244 are octal buffers and line drivers 
designed to drive the capacitive inputs of MOS memory driv- 
ers, address drivers, clock drivers and bus-oriented trans- 
mitters/receivers. 


The 25D series resistors in the outputs reduce ringing and 
eliminate the need for external resistors. 


Ordering Code: see Section 5 


Connection Diagrams 


Pin Assignment 
for LCC 


a3 Op2 'a2 Ob1 lat 
[6] 


a2 'b1%a1 0% 
TL/F/9499-1 


Features 

@ TRI-STATE® outputs drive bus lines or buffer memory 
address registers 

m 12 mA source current 

m 250 series resistors in outputs eliminate the need for 
external resistors. 

mw Designed to drive the capacitive inputs of MOS devices 

m Guaranteed 4000V minimum ESD protection 


Pin Assignment 
for DIP, SOIC and Flatpak 


TL/F/9499~-2 


*F2244 


la3 p2 !a2 Opt lat 
BOE) S) 


tare 


aE 


Mea {f5] 1 a {13) 
042 11 a1 'bo%0 





TL/F/9499-3 


TL/F/9499-4 
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pyecel pce 


2241¢2244 


Logic Symbols 


IEEE/IEC 
*F2241 


qe! 


TL/F/9499-5 


IEEE/IEC 
"F2244 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


Description 


TL/F/9499-6 


54F/74F 


ULL. 
HIGH/LOW 


OE;, OE2 TRI-STATE Output Enable Input (Active LOW) 1.0/1.667 
OE>o TRI-STATE Output Enable Input (Active HIGH) 1.0/1.667 


lala Inputs 
Oan:Obn Outputs 


*Worst-case 'F2241, 'F2244 disabled 


Truth Tables 


°F2241 
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1.0/2.667* 
750/20 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = High Impedance 


Input tyy/Tie 
Output I9n/loL 


20 pA/-1 mA 
20 pA/—1mA 
20 pA/—1.6 mA 
—15mA/12 mA 





Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Vin Input HIGH Voltage Eee se ee Recognized as a HIGH Signal 
VIL Input LOW Voltage ee a re ae Recognized as a LOW Signal 


Vop Input Clamp Diode Voltage 


VOH Output HIGH 54F 10% Voc 
Voltage 54F 10% Voc 


74F 10% Vcc 
74F 10% Voc 
74F 5% Voc 


Output LOW 
Voltage 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Output HIGH 54F 
Leakage Current 74F 


Input Leakage 
Test 


Output Leakage 
Circuit Current 


lie Input LOW Current 


lozH Output Leakage Current 
lozi Output Leakage Current 
los Output Short-Circuit Current 
ICcH Power Supply Current 

IocL Power Supply Current 

locz Power Supply Current 





0.50 
0.75 
20.0 
5.0 
100 
7.0 
250 
50 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to +5.5V 
+4,.5V to +5.5V 


Conditions 


lin = —18mA 


= 
= 


lot 


VIN = 
Vin = 7.0V 


Vout = Vcc 
lip = 1.9 pA 
All other pins grounded 


Viop = 150 mV 
All other pins grounded 


Vin = 0.5V (OEy, OE2, OE2) 
Vin = 0.5V (In) 


Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vo = HIGH 
Vo = LOW 
Vo = HIGH Z 


= = er | Wee ae 
tossn0n000 ; 
= 
g g 5 |8 





precel pce 


224102244 


AC Electrical. Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 
Parameter Vec = +5.0V 
rae ae ee = 50 pF 


Ta: Vec = Mil 
C, = 50 pF 
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ZA National 


Semiconductor 


54F/74F2243 
Quad Bus Transceiver with 252 Series 
Resistors in the Outputs 


General Description 


The 'F2243 is a quad bus transmitter/receiver which can be 
used for 4-line asynchronous 2-way data communications 
between data busses. It is designed to drive the capacitive 
inputs of MOS memory drivers, address drivers, clock driv- 
ers, and bus-oriented transmitters/receivers. 

The 252 series resistors in the outputs reduce ringing and 
eliminate the need for external resistors. 


Ordering Code: see Section 5 


Logic Symbol 


IEEE/IEC 


TL/F/9530-1 


€r22 


Features 

m@ 252 series resistors in outputs eliminate the need for 
external resistors 

m 2-Way asynchronous data bus communication 

@ TRI-STATE® outputs 

@ 12 mA source current 

Designed to drive the capacitive inputs of MOS devices 

@ Guaranteed 4000V minimum ESD protection 


Connection Diagram 


Pin Assignment 
for DIP 


TL/F/9530-2 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 
Description ULL. Input ty/lie 
HIGH/LOW | Output Ion/loL 


E, Enable Input (Active LOW) 1.0/1.67 
Eo Enable Input (Active HIGH) 1.0/1.67 
An, Bn Inputs 3.5/2.67 

Outputs 750/20 


Truth Table 





20 pA/—1 mA 
20 pA/—1mA 
70 pA/—-1.6 mA 
~—15mA/12 mA 


H = HIGH Voltage Level 
L = LOW Voltage Level 
= High Impedance 

N/A = Not Allowed 
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2243 


Absolute Maximum Ratings (note 1) 
lf Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vccg = OV) 
Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) twice the rated lo. (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to + 5.5V 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


Min 
ViH 
VIL 
Vep 


VoH Output HIGH 


Voltage 


54F 10% Voc 
54F 10% Voc 2.0 
2.4 


2.0 


74F 10% Vcc 
74F 10% Voc 
7T4F 5% Voc 


2.7 
Output LOW 0.50 Vv 
Voltage 0.75 
0 | nA 


Input HIGH Current BA 
Input HIGH Current A 
Breakdown Test i 

Input HIGH Current 

Breakdown Test (I/O) 


input LOW Current 


tty + lozH | Output Leakage Current ee 


lit + loze Output Leakage Current 


los 
IcEX 
IocH Power Supply Current 

loc 


locz Power Supply Current 


Typ 


Pat Te ee 
Vec 
Max 

er 


Input HIGH Voltage ee 
input LOW Voltage a ee 
inputlamp Diode Voltage | .2 |v | Min 


—1.2 
2.4 





: 1.0 
7 
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Recommended Operating 
Conditions | 


Free Air Ambient Temperature 
Military 
Commercial 

Supply Voltage 

Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+4.5V to + §.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 


loH = —3 MA (Ap, Bn) 
low = —12 MA (An, Bn) 
loH = —3 mA (Ap, Bn) 
loH = —15 MA (Ap, Bp) 
loH = —3 MA (An, Bn) 


lo. = 1 MA (An, Bn) 
lo. = 12 mA (Ap, Bn) 


Vin = 2.7V (Ey, Ea) 
Vin = 7.0V (Ey, Ea) 


fe 


Vin = 5.5V (An, Bn) 


3 
> 


Vin = 0.5V (Ey, Eo) 
Vout = 2.7V (An; Bn) 
Vout = 90.5V (An, Bn) 
Vout = OV (An, Bn) 
Vout = Vcc 

Vo = HIGH 

Vo = LOW 

Vo = HIGHZ 


Max 
Max 
Max 





AC Electrical Characteristics: sce section 2 for Waveforms and Load Configurations 


7 


Ta = +25°C 
Parameter Vec = +5.0V 
C, = 50pF 


Ta; Voc = Mil 
C. = 50 pF 


Min Typ Max | Min Max | Min Max 


Propagation Delay 1.5 7.0 1.5 7.0 
An to Bn, Br to Ay 2.5 8.0 2.0 8.0 


Output Enable Time 1.5 9.0 1.0 9.5 
E, to By, Eo to An 2.5 11.5 2.5 12.0 


Output Disable Time 1.5 9.0 1.0 9.5 
E; to By, Eo to A, 1.5 8.5 1.5 9.5 
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€v22 


2620 © 2623 


ZA National 


Semiconductor 


54F/74F2620 © 54F/74F2623 


Inverting Octal Bus Transceiver 
with 252 Series Resistors in the Outputs 


General Description 


These devices are octal bus transceivers designed for asyn- 
chronous two-way data flow between the A and B busses. 
These devices are functionally equivalent to the F620 and 
"F623. The 252 series resistors in the outputs reduce ring- 
ing and eliminate the need for external resistors. Both bus- 
ses are capable of sinking 12 mA, sourcing 15 mA, and 
have TRI-STATE outputs. Dual enable pins (GAB, GBA) al- 
low data transmission from the A bus to the B bus or from 
the B bus to the A bus. The ’F2620 is an inverting option of 
the 'F2623. 


Ordering Code: see Sections 
Logic Symbol 


Bo B, By Bs B, Bs Be By 


Ao Ay Ay As Ay As Ag Ay 


TL/F/10628-1 


Unit Loading/Fan Out: see section 2 for U.L. definitions 


54F/74F 


ULL. Input Iyy/tie 
HIGH/LOW Output Ion/lot 


Description 


1.0/1.0 
3.5/0.667 

750/20 
3.5/0.667 

750/20 


Enable Inputs 

A Inputs or 
TRI-STATE Outputs 
B Inputs or 
TRI-STATE Outputs 


Features 

m 250. series resistors in the outputs eliminate the need 
for external resistors. 

m™ Designed for asynchronous two-way data flow between 
busses 

@ Outputs sink 12 mA and source 15 mA 

@ Dual enable inputs control direction of data flow 

m Guaranteed 4000V minimum ESD protection 

@ ’F2620 is an inverting option of the ’F2623 


Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 


1 
2 
3 
4 
5 
6 
7 
8 
9 


ary 
o 


TL/F/10628-2 


20 pA/—0.6 mA 
70 pA/—0.4 mA 
—15mA/12 mA 
70 pA/—0.4 mA 
—15mA/12 mA 


Pin Assignment 
for LCC 


As As Ag Az Ap 
es fea Es] 23) 


LA 
14 1 8 7) 
By Bs By By By 


TL/F/10628-3 
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Functional Description 
The enable inputs GAB and GBA control whether data is Function Table 


transmitted from the A bus to the B bus or from the B bus to 

the A bus. If both GBA and GAB are disabled (GBA HIGH Enable Inputs 

and GAB low), the outputs are in the high impedance state | Gpa cas | _‘F2620 =| _~—Ss*F2623—C 

and data is stored at the A and B busses. When GBA is a5 

active (LOW), B data is sent to the A bus. When GAB is 

active (HIGH), data from the A bus is sent to the B bus. If 

both enable inputs are active (GBA LOW and GAB HIGH) B 
B Data to A Bus, | B Data to A Bus, 
A Data to B Bus | A Data to B Bus 


data is sent to the A bus while A data is sent to the B bus. 
HIGH Voltage Level 


LOW Voltage Level 
High Impedance 


Logic Diagram 


*F2620 


Bs 


Ay Ap AS Ay As Ag Ay 
TL/F/10628-4 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 


’"F2623 


8; 


Ay Ay AS Ay As Ag Ay 
TL/F/10628-5 
Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays. 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential to 


Ground Pin —0.5V to +7.0V 
Input Voltage (Note 2) —0.5V to +7.0V 
Input Current (Note 2) —30 mA to +5.0 mA 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol Parameter 


Input HIGH Voltage 
Input LOW Voltage 


Input Clamp Diode Voltage 
Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc 


Output LOW 
Voltage 


Input HIGH 
Current 74F 
Input HIGH Current 54F 
Breakdown Test 74F 
Input HIGH Current 54F 
Breakdown Test (I/O) .74F 


Output HIGH 54F 
Leakage Current 74F 


2.0 
2.0 


oi 
A 
oa] 


Input Leakage 


Test ele 


Output Leakage 
Circuit Current 


Input LOW Current 


74F 


lity + lozH | Output Leakage Current 
Output Leakage Current 


Output Short-Circuit Current 


lin + loze 


Bus Drainage Test 

Power Supply Current (’F2620) 
Power Supply Current (’F2620) 
Power Supply Current (’F2620) 
Power Supply Current (’F2623) 
Power Supply Current (’F2623) 
Power Supply Current (’F2623) 


>|> > 


54F/74F 
yp 


= 


[rn Poe) 
100 
7.0 
1.0 
0.5 
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Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE Output 


Current Applied to Output 
in LOW State (Max) 


ESD Last Passing Voitage (Min) 


—0.5V to Voc 
—0.5V to +5.5V 


twice the rated Io, (mA) 
4000V 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
o°c to + 70°C 


+4.5V to +5.5V 
+4.5V to +5.5V 


Conditions 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18 mA (Non !I/O Pins) 


lou = —12 mA (An; Bn) 
IOH = —15mA (An, Bn) 


1.0 mA (An, Bp) 
12 mA (An, Bn) 


_ 
ie) 


lo. = 
lo. = 


Vin = 2.7V (Non I/O Pins) 


Vin = 7.0V (Non I/O Pins) 


Vin = 5.5V (An: Bn) 


Vout = Voc 


a 
Oo 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (Non I/O Pins) 
VouT = 2.7V (An, Bn) 
Vout = 0.5V (An, Bp) 
VouT = OV 

VouT = 5.25V 

Vo = HIGH, Vin = 0.2V 
Vo = LOW 

Vo = HIGHZ 

Vo = HIGH 

Vo = LOW, Vin = 0.2V 
Vo = HIGHZ 


e © |r : Es 3 2 : 
allesesells |< [3 [3 [515 [< |< |-<l| € 


= S 
ro) 





AC Electrical Characteristics: sce Section 2 for Waveforms and Load Configurations 


Ta = +25°C 2 
Parameter Vec = +5.0V a area - 
C_ = 50 pF L P 
Min Typ Max | min Max | Min Max _| 


Propagation Delay 2.5 7.5 2.0 
A Input to B Output (’F2620) 3.0 8.0 3.0 
2.5 7.5 2.0 


Propagation Delay : . : 
B Input to A Output (’F2620) 3.0 8.0 3.0 


Propagation Delay 1.5 6.5 1.5 
A Input to B Output (’F2623) 2.5 75 2.5 
Propagation Delay 1.5 6.5 1.5 
B Input to A Output (’F2623) 2.5 75 2.5 
Enable Time 2.0 7.0 2.0 
GBA Input to A Output 2.5 8.0 
Disable Time 1.5 
GBA Input to A Output 1.0 
Enable Time 2.0 75 2.0 
GAB Input to B Output (’F 2620) 3.0 8.0 2.0 
Disable Time 2.5 8.0 2.0 
GAB Input to B Output (’F2620) 2.0 7.5 2.0 
Enable Time 2.0 7.5 2.0 
GAB Input to B Output (’F2623) 2.5 8.0 2.0 
2.0 8.0 2.0 
2.0 8.0 2.0 


2.0 
6.5 1.5 
5.5 1.0 


Disable Time 
GAB Input to B Output (’F2623) 


Basic FAST Circuit Showing Series Resistor Placement 


8.0 
8.0 
8.0 
8.0 


7.5 
8.0 


7.5 
8.0 


8. 


8.0 
8.5 
7.5 
5.5 

5 


TL/F/10628-6 
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ZA National 


Semiconductor 


54F/74F2640 e 54F/74F2643 e 54F/74F2645 
Octal Bus Transceiver with 252 Series Resistors in the 


Outputs 


General Description 


These devices are octal bus transceivers designed for asyn- 
chronous two-way data flow between the A and B busses. 
These devices are functionally equivalent to the ’F640, 
F643, and ’F645. The 252 series resistors in the outputs 
reduce ringing and eliminate the need for external resistors. 
Both busses are capable of sinking 12 mA, sourcing 15 mA, 
have TRI-STATE outputs, and a common output enable pin. 
The direction of data flow is determined by the transmit/re- 
ceive (T/R) input. The ’F2640 is an inverting version of the 
‘F2645. The ’F2643 has a noninverting A bus and an invert- 
ing B bus. The ’F2645 is a low power version of the ’F245 
with 252 series resistors in the outputs. 


Ordering Code: see Sections 
Logic Symbol 


By By Bo Bz By Bs Bg By 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


ULL. Input Ti/lie 
HIGH/LOW Output lon/lor 


Description 


Output Enable Input 
(Active LOW) 
Transmit/Receive Input 
Side A Inputs or 
TRI-STATE Outputs 
Side B Inputs or 
TRI-STATE Outputs 


1.0/1.0 


1.0/1.0 
3.5/0.667 

750/20 
3.5/0.667 

750/20 


Features 

m 2509 series resistors in the outputs eliminates the need 
for external resistors 

m Designed for asynchronous two-way data flow between 
busses 

m@ Outputs sink 12 mA and source 15 mA 

= Transmit/receive (T/R) input controls the direction of 
data flow 

m™ Guaranteed 4000V minimum ESD protection 

m@ ’F2645 is a low power version of the ’F245 with 250 
series resistors in the outputs 

m@ 'F2640 is an inverting option of the ’F2645 

@ ’F2643 has noninverting A bus and inverting B bus 


Connection Diagrams 


Pin Assignment for 
DIP, SOIC and Flatpak 


TL/F/10629-1 


oOo N MN eF WwW DP = 


—_ 
i=) 


20 wA/—0.6 mA 
TL/F/10629-2 


20 pA/—0.6 mA 
70 pA/—0.4 mA 
—15 mA/12 mA 
70 pA/—0.4 mA 
—15 mA/12 mA 


Pin Assignment for LCC and PCC 


Ag As Ag Az Ap 
BmhHakes 
a 


o.8 8,0 
(4) (5) (4) £7) £3) 
By Bz By By By 
TL/F/10629-3 
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Functional Description 


The output enable (OE) is active LOW. If the device is dis- 
abled (OE HIGH), the outputs are in the high impedance 
state. The transmit/receive input (T/R) controls whether 
data is transmitted from the A bus to the B bus or from the B 
bus to the A bus. When T/R is LOW, B data is sent to the A 
bus. If T/R is HIGH, A data is sent to the B bus. 


Function Table 


wR| F260 | eas | 2645 
Bus B data to Bus A | Bus B data to Bus A | Bus B data to Bus A 


Bus A data to Bus B } Bus A data to Bus B | Bus A data to Bus B 
er |; ee | ee 


High voltage level 
Low voltage level 
Don't care 
High-impedance state 





NXT 


Logic Diagrams 
"F2640 


’F2643 


"F2645 
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TL/F/10629-4 


TL/F/10629-5 


TL/F/10629-6 
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Absolute Maximum Ratings (note 1) 


if Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias —55°C to + 125°C 
Junction Temperature under Bias — 55°C to + 175°C 
Vcc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mAto +5.0mA 


—0.5V to Voc 
—0.5V to + 5.5V 


DC Electrical Characteristics 


Symbol Parameter 


S 


Vin 
Vit 
Vcp 
VOH 


Input HIGH Voltage 
Input LOW Voltage 
Input Clamp Diode Voltage 


Output HIGH 54F 10% Voc 
Voltage 74F 10% Voc . 


Output LOW 74F 10% Voc 
Voltage 74F 10% Voc 


Input HIGH 54F 
Current 74F 


Input HIGH Current 54F 
Breakdown Test 74F 


Input HIGH Current 54F 
Breakdown (I/O) 74F 


Output HIGH 54F 
Leakage Current 74F 


VoL 
NH 
IBvI 
IBvit 
ICEX 
Input Leakage 


Test 


Output Leakage 
Circuit Current 


Input LOW Current 
Output Leakage Current 


74F 


74F 


li + lozH 
lit + loz_ | Output Leakage Current 
Output Short-Circuit Current 
Bus Drainage Test 

Power Supply Current (’F2640) 
Power Supply Current (’F2640) 
Power Supply Current (’F2640) 
Power Supply Current (’F2643) 
Power Supply Current (’F2643) 
Power Supply Current (’F2643) 
Power Supply Current (’F2645) 
Power Supply Current (’F2645) 
Power Supply Current (’F2645) 


54F/74F 
Typ 


ft 
Ni = 
| a oo 
¢ “NI os = 
nN ax Ny . Nm 
iS ° Fe °o ao 
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Current Applied to Output , ; 
in LOW State (Max) twice the rated Io, (mA) 
ESD Last Passing Voltage (Min) 4000V 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful. life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 58°C to + 125°C 
0°C to + 70°C 


+4.5V to + 5.5V 
+4,5V to +5.5V 


Conditions 


) 
Pd 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18 mA (Non I/O Pins) 


lou = —12 mA (An, Bn) 
lou = —15 mA (An, Bn) 


lo = 1 MA (Ap, Bp) 
lo. = 12 mA (Ap, Bn) 


Vin = 2.7V (Non I/O Pins) 
Vin = 7.0V (Non I/O Pins) 
Vin = 5.5V (An, Bp) 

Vout = Vcc 


lip = 1.9 pA 
All Other Pins Grounded 


Viop = 150 mV 
All Other Pins Grounded 


Vin = 0.5V (Non I/O Pins) 
Vout = 2.7V (An, Bn) 

VouT = 9.5V (An, Bn) 

Vout = 0V 

Vout = 5.25 

Vo = HIGH, Vin = 0.2V 

Vo = LOW 

Vo = HIGHZ 

Vo = HIGH, Vin = 0.2V (Ap) 
Vo = LOW, Vin = 0.2V (Bp) 
Vo = HIGHZ 

Vo = HIGH 

Vo = LOW, Vin = 0.2V 

Vo = HIGHZ 


= tle = : 3 [se |e. 

alaletsle (ale (slesfeptsis|s <3 [2 [5 [5 [<|<[<| 2 
fo) 
° 





’F2640 AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations - 


Symbol 


Parameter 


Propagation Delay 
A Input to B Output 


Ta = +25°C 
Nee = +5.0V 
CL = a 


Tas Vec = Mil 
C. = 50 pF 


3 : : : 

Propagation Delay 7.5 
B Input to A Output 7.5 
: ? 


Enable Time 
OE Input to A Output 
Disable Time 
OE Input to A Output 
Enable Time 
OE Input to B Output 
Disable Time 
OE Input to B Output 


Parameter 


Propagation Delay 

A Input to B Output 
Propagation Delay 

B Input to A Output 

Enable Time 

OE Input to A Output 
Disable Time 

OE Input to A Output 
Enable Time 

OE Input to B Output 
Disable Time 

OE Input to B Output 


Ta = +25°C 
5 = +5.0V 
= 50 pF 


Ta, Vec = Mil Ta, Vcc = Com 
C_ = 50 pF CL = 50pF 
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*F2645 AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Propagation Delay 

A Input to B Output 
Propagation Delay 

B Input to A Output 
Enable Time 

OE Input to A Output 
Disable Time 

OE Input to A Output 
Enable Time 

GE Input to B Output 
Disable Time 

GE Input to B Output 


< = +5.0V 
= 50 pF 


Tas Vec = Mil 
C. = 50 pF 


Tas Vcc = Com 
CL = 50 pF 


Basic FAST Circult Showing Series Resistor Placement 
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a 


2.0 
2.0 
1.0 
1.0 
2.0 
2.5 


TL/F/10629-7 





ZA National 


Semiconductor 


29F52°29F53 


8-Bit Registered Transceiver 


General Description 


The 29F52 and 29F53 are 8-bit registered transceivers. Two 
8-bit back to back registers store data flowing in both direc- 
tions between two bidirectional buses. Separate clock, 
clock enable and TRI-STATE® output enable signals are 
provided for each register. The Ag-A7 output pins are guar- 
anteed to sink 24 mA (20 mA mil.) while the Bg—B7 output 
pins are designed for 64 mA. 


The 29F53 is an inverting option of the 29F52. Both trans- 
ceivers are AMD Am2952/2953 functional equivalents. 


Ordering Code: see sections 


Logic Symbols 


29F52 


EA 
Bo By By Bz By Bs Bg By 
TL/F/9606-1 


IEEE/IEC 
29F52 


V135 2,4,6V 


TL/F/9606-4 


Features 

m 8-bit registered transceivers 

@ Separate clock, clock enable and TRI-STATE output 
enable provided for each register 

mg AMD Am2952/2953 functional equivalents 

m Both inverting and non-inverting options available 

m@ 24-Pin slimline package 


Ao Ay Ag A; Ag As Ag Ay 


Bo By By Bs By Bs Bg By 


TL/F/9606-7 


IEEE/IEC 


TL/F/9606-5 
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€54620e2SA62 


29F52¢29F53 


Connection Diagrams (Continueg) 


Pin Assignment Pin Assignment 
for DIP, SOIC and Flatpak for DIP, SOIC and Flatpak 
29F52 29F53 


oan rn mn e® WH 
omon onan WY — 


=_— oo 
no + O&O 
_ —_> 
n~* o& 


TL/F/9606-~2 TL/F/9606-8 


Pin Assignment Pin Assignment 
for LCC and PCC for LCC and PCC 
29F52 29F53 


OEB By By NC Bo By By OEB By B, NC Ba 8; By 
ca eo ENE aE to Fe) 2) 
bene 


Ag Ay Az NC Ag Ay As 
TL/F/9606-3 TL/F/9606-9 


Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Description ULL. Input ha/Ie 
HIGH/LOW Output Ion/lor 


A-Register Inputs/ 3.5/1.083 70 pA/0.65 mA 
B-Register TRI-STATE Outputs 150/40 (33.3) —3 mA/24 mA (20 mA) 
B Register Inputs/ 3.5/1.083 70 A/0.65 mA 


A-Register TRI-STATE Outputs | 600/106.6 (80) | —12mA/64 mA (48 mA) 
Output Enable A-Register 1.0/1.0 20 pA/—0.6 mA 
A-Register Clock 1.0/1.0 20 pA/—0.6 mA 
A-Register Clock Enable 1.0/1.0 20 pA/—0.6 mA 
Output Enable B-Register 1.0/1.0 20 pA/—0.6 mA 
B-Register Clock 1.0/1.0 20 pA/—0.6 mA 
B-Register Clock Enable 1.0/1.0 20 pA/—0.6 mA 
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Block Diagrams 


Register A 


Register B 
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TL/F/9606-6 





€55467e7S462 


29F52¢29F53 


Block Diag ramMs (Continued) 


Output Control 


jo | imme |_—ceat 
| 29Fs2 | 29F53 | 
L L L H 


H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 

Z = HIGH Impedance 


~Y = LOW-to-HIGH Transition 
NC = No Change 


A 


1 


oral 
ee 
a 
a 


a 


Disable Outputs 


Enable Outputs 


Register A 


Dy 


D2 


Ds 
Register B 
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TL/F/9606-10 


Register Function Table (Applies to A or B Register) 


Hold Data 


H 
f= L L Load Data 
Sf L H 





Absolute Maximum Ratings (note 1) 
If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 
Voc Pin Potential to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Voc = OV) 
Standard Output 
TRI-STATE Output: 
Current Applied to Output 
in LOW State (Max) twice the rated Io, (mA) 


Note 1: Absolute maximum ratings are values beyond which the device may 
be damaged or have its useful life impaired. Functional operation under 
these conditions is not implied. 


Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Voc 
—0.5V to +5.5V 


DC Electrical Characteristics 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


—55°C to + 125°C 
0°C to + 70°C 


+4,5V to +5.5V 
+4,5V to +5.5V 


€546200¢S462 


Symbol Parameter Conditions 


54F/74F Vv 
cc 
Min Typ Max 
Vin Input HIGH Voitage | 20 Si (ststi(‘i‘imLC Recognized as a HIGH Signal 


Vu Input LOW Voltage eae a Ee ee 
Veo Input Clamp DiodeVoltage | 12 | OV | Min | 


—1.2 
2.5 


Recognized as a LOW Signal 
lin = —18 mA (Non 1/O Pins) 


loH = —1mMA (Ap) 
lon = —3 mA (Ap, Bn) 
lon = —12 mA (Bp) 
lon = —1mMA (Ap) 
loH = —3 MA (Ap, Bp) 
lon = —15 mA (B,) 
loH = —1 MA (Ap) 


Vou Output HIGH 
Voltage 


54F 10% Voc 
54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 
74F 10% Voc 


74F 5% Veco : 
74F 5% Voc : lon = —3 mA (Ap, Br) 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


hi Input HIGH Current P| Max | 
IBvi Input HIGH Current 

Breakdown Test pA Max 
Ipvit Input HIGH Current 

Breakdown Test (I/O) 10 es 
In Input LOW Current | C06 | mA 


Ini + loz | Output Leakage Current 
lit + loze Output Leakage Current 


los Output Short-Circuit Current —60 
—100 


loex 

izz 

loc mA 
loc | PowerSupplyCurrent | 190 | mA 
looz mA 


lo. = 20 mA (A,) 
lo. = 48 mA (Bp) 
lo, = 24 mA (Ap) 
lo. = 64 mA (By) 
Vin = 2.7V (Non-I/O Pins) 
Vin = 7.0V (Non-I/O Pins) 





Vin = 5.5V (An, Bn) 


Vin = 0.5V (Non-I/O Pins) 
Vout = 2.7V (An, Bn) 
Vout = 0.5V (An; Bn) 
VouT = OV (An) 

Vout = OV (Bn) 

Vout = Vcc (An: Bn) 
Vout = 5.25V (Ap, Br) 
Vo = HIGH 

Vo = LOW 

Vo = HIGH Z 
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29F52°29F53 


AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Ta = +25°C 


Parameter Vcc = +5.0V se is a co 
o.= = 50 pF ‘ 


Propagation Delay 7.5 
CPA or CPB to A, or By 9.0 

Output Enable Time 7.5 
OEA or OEB to A, or By Ge : 9.5 
Output Disable Time 2.5 : 9.0 
OEA or OEB to A, or By 2.5 : 7.5 


Parameter 


Setup Time, HIGH or LOW ae tie 

An or By to CPA or CPB 4.0 

Hold Time, HIGH or LOW 

An Or By to CPA or CPB 

Setup Time, HIGH or LOW - 1.0 

CEA or CEB to CPA or CPB 4.0 
2.0 


Hold Time, HIGH orLOW : 

CEA or CEB to CPA or CPB 2.0 
Pulse Width, HIGH or LOW 3.0 
CPAorCPB 3.0 
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ZA National 


Semiconductor 


29F68 
Dynamic RAM Controller 


General Description 


The 29F68 is a high-performance memory controller, re- 
placing many SSI and MSI devices by grouping several 
unique functions. It provides two 9-bit address latches and 
two 9-bit counters for row and column address generation 
during refresh. A 2-bit bank select latch for row and column 
address generation during refresh, and a 2-bit bank select 
latch for the two high order address bits are provided to 
select one of the four RAS and CAS outputs. 

The 29F68 is functionally equivalent to AMD’s Am2968 and 
Motorola's MC74F2968. 


Ordering Code: see Sections 


Logic Symbol 


ARo fers ARg 


TL/F/9608-1 
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Features 

m High-performance memory controller 

m Replaces many SSI and MSI devices by grouping 
several unique functions 

B Functionally equivalent to AMD’s Am2968 and 
Motorola’s MC74F2968 

m@ Provides control for 16K, 64K, or 256K dynamic RAM 
systems 

@ Outputs directly drive up to 88 DRAMs 

m Highest order two address bits select one of four banks 
of RAMs 

m Chip Select for easy expansion 

m Provides memory refresh with error correction mode 


Connection Diagram 


Pin Assignment for LCC and PCC 
AR7ACg ARg ACs ARs LE GND AC, AR4 ACs AR3AC2 AR, 
(20) fis) (18) 07) Fe) 03) £4 6S) 62 oo 2) Be) 


4) 35) Se) 87) Ss) 33) Go) GQ GS ed 
Og Q7 Og Qs Vor Vog OE GND Q, Os Q, 0; NC 
TL/F/9608-2 
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29F68 


Pin Description 


Name 


ARo-ARg 
ACg-ACg 


SELo-SELy 


RASp-RAS3 


CASI 


CASo-CAS3 


Description 


Address Inputs. ARo—ARzg are latched in as the 9-bit Row Address for 
the RAM. These inputs drive Qg—Qg when the 29F68 is in the Read/ 
Write mode and MSEL is LOW. ACg—ACg are latched in as the Column 
Address, and will drive QgQ—Qg when MSEL is HIGH and the 29F 68 is in 
the Read/Write mode. The addresses are latched with the Latch 
Enable (LE) signal. 


Bank Select. These two inputs are normally the two higher order 
address bits, and are used in the Read/Write mode to select which 
bank of memory will be receiving the RAS, and CAS, signals after 
RASI and CASI go HIGH. 


Latch Enable. This active-HIGH input causes the Row, Column and 
Bank Select latches to become transparent, allowing the latches to 
accept new input data. A LOW input on LE latches the input data, 
assuming it meets the setup and hold time requirements. 


Multiplexer Select. This input determines whether the Row or Column 
Address will be sent to the memory address inputs. When MSEL is 
HIGH the Column Address is selected, while the Row Address is 
selected when MSEL is LOW. The address may come from either the 
address latch or refresh address counter depending on MCo, MC}. 


Chip Select. This active-LOW input is used to enable the 29F68. When 
GS is active, the 29F68 operates normally in all four modes. When CS 
goes HIGH, the device will not enter the Read/Write mode. This allows 
other devices to access the same memory that the 29F68 is controlling 
(e.g., DMA controller). 


Output Enable. This active-LOW input enables/disables the output 
signals. When OE is HIGH, the outputs of the 29F68 enter the high 
impedance state. The OE signal allows more than one 29F68 to control 
the same memory, thus providing an easy method to expand the 
memory size. 


Mode Control. These inputs are used to specify which of the four 
operating modes the 29F68 should be using. The description of the 
four operating modes is given in the Mode Control Function Table. 


Address Outputs. These address outputs will feed the DRAM address 
inputs and provide drive for memory systems up to 500 pF in 
capacitance. 


Row Address Strobe Input. During normal memory cycles, the 
decoded RAS, output (RASg, RAS;, RAS» or RAS3) is forced LOW 
after receipt of RASI. In either refresh mode, all four RAS, outputs will 
go LOW following RAS! going HIGH. 


~ Row Address Strobe. Each one of the Row Address Strobe outputs 


provides a RAS, signal to one of the four banks of dynamic memory. 
Each will go LOW only when selected by SELp and SEL, and only after 
RASI goes HIGH. All four go LOW in response to RAS in either of the 
Refresh modes. 


Column Address Strobe Input. This input going active will cause the 
selected CAS, output to be forced LOW. 


Column Address Strobe. During normal Read/Write cycles the two 
select bits (SELo, SEL1) determine which CAS, output will go active 
following CASI going HIGH. When memory error correction is 
performed, only the CAS, signal selected by CNTRo and CNTR, will be 
active. For non-error correction cycles, all four CAS, outputs remain 
HIGH. 
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_ Functional Description 

The 29F68 is designed to be used with 16k, 64k, or 256k 
dynamic RAMs and is functionally equivalent to AMD's 
AM2968. The 29F68 provides row/column address multi- 
plexing, refresh address generation and bank selection for 
up to four banks of RAMs. 

Twenty (20) address bits (ARg-ARg, ACg—ACg, and bank 
select addresses SELy and SEL) are presented to the con- 
troller. These addresses are latched by a 20-bit latch. A 20- 


A 9-bit multiplexer selects the output address between the 
input row address, column address, refresh counter row ad- 
dress, column address, or zero (clear). Four RAS and four 
CAS outputs select the appropriate bank of RAMs and 
strobe in the row and column addresses. 


It should be noted that the counters are cleared (MCo, 
MC; = 1,1) on the next RASI transition, but the Q outputs 
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are asynchronously cleared through the multiplexer. 


bit counter generates the refresh address. 


Mode Control Function Table 


MC, Operating Mode 


0 Refresh without Error Correction. Refresh cycles are performed with 
only the Row Counter being used to generate addresses. In this mode, 
all four RAS, outputs are active while the four CAS, signals are kept 
HIGH. 


Refresh with Error Correction/Initialize—During this mode, refresh 
cycles are done with both the Row and Column counters generating 
the addresses. MSEL is used to select between the Row and Column 
counter. All four RAS, outputs go active in response to RASI, while 
only one CAS, output goes LOW in response to CASI. The Bank 
Counter keeps track of which CAS,, output will go active. This mode is 
also used on system power-up so that the memory can be written with 
a known data pattern. 


Read/Write— This mode is used to perform Read/Write cycles. Both 
the Row and Column addresses are latched and multiplexed to the 
address output lines using MSEL; SELo and SEL are decoded to 
determine which RAS, and CAS, will be active. 


Clear Refresh Counter—This mode will clear the three refresh 
counters (Row, Column, and Bank) on the HIGH-to-LOW transition of 
RASI, putting them at the start of the refresh sequence. In this mode, 
all four RAS, are driven LOW upon receipt of RASI so that DRAM 
wake-up cycles may be performed. This mode also asynchronously 
clears the Q, outputs. 





Address Output Function Table 


ee MSEL et 


Refresh without | Refresh without Error Correction _| Correction 
Refresh with Error Correction 
—_—= Read/Write 
a i a a ae Clear Refresh Counter 
fe a el ll Refresh without Error Correction 
== Refresh with Error Correction 


| Read/Write sd Write 


Ea veka Clear Refresh Counter 


MUX Output 
Row Counter Address 
Column Counter Address 
Row Counter Address 
Column Address Latch 
Row Address Latch 


ise 


x< 


Zero 


x 


Row Counter Address 
Column Counter Address 


Row Counter Address 


ia 


Zero 


Pad 


Zero 
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29F68 


RAS Output Function Table 


Refresh without Scrubbing 
Refresh with Scrubbing 
Read/Write 


a ae 
Se eran 
‘[etconwitetErorcoreaion |u| 4 | 1 
[roahwihErorconecion |e _| te |__| 
rr 
| cearroteshoonir | «| |. 


CAS Output Function Table 


een ee Outputs 
owrms | enro | sets | selo | CAS | CAS: | CAE: | 


X 
ar ee 
aa ae ae 


> 


7 
? 


i 
= 
ae oe 


—— L 
a ae 


oe 


ic 
tt 
ee 


= 





CAS; 
H 
H 
H 
H 
L 
H 
H 
H 
L 
H 
H 
H 
H 
H 
L 
H 


ae 
am 


ar el 
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Unit Loading/Fan Out: see Section 2 for U.L. definitions 


54F/74F 


Pin Names Description ULL. Input hyW/he 
HIGH/LOW | Output !lon/loL 


Column Address 1.0/1.0 20 pA/—0.6 mA 
Row Address 1.0/1.0 20 pA/—-0.6 mA 
Address Outputs 50/33.3 —1mA/20 mA 
Memory Cycle 1.0/1.0 20 wA/ -0.6 mA 
Chip Select Input 1.0/1.0 20 pA/—-0.6 mA 
Multiplexer Select Input 1.0/1.0 20 pA/—0.6 mA 
Latch Enable Input 1.0/1.0 20 pA/—0.6 mA 
SEL, SEL; | Select Inputs 1.0/1.0 20 pA/—0.6 mA 
RAS! Row Address Strobe !n 1.0/1.0 20 pA/—0.6 mA 
CASI Column Address Strobe In 1.0/1.0 20 wA/—-0.6 mA 
RASo-RAS3 | Row Address Stobe Outputs 50/33.3 —1mA/20 mA 
CASo-CAS3 | Column Address Strobe Outputs | 50/33.3 —1mA/20 mA 
Output Enable 1.0/1.0 20 pA/—0.6 mA 


Block Diagram 


ADDRESS ADDRESS 
ACy = ACg ARy = ARs 


TL/F/9608-3 
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29F68 


Timing Waveforms 


penta 


YVVY YAY 5 
Qn XXXXH ROW ADDRESS VALID XXXKKK KX WK COLUMN ADDRESS VALID 


MEMORY CYCLE TIMING 


RASI/CAS! PULSE WIDTHS 


RASI/CAS! XK. 7 \ = 


‘ : . , TL/F/9608-4 
FIGURE 1. Dynamic Memory Controller Timing 


ARn, ACn x : ‘ . . 


EX XXX Me COLUMN ADDRESS VALID 


an XXX) — a 


WAS 


TL/F/9608-5 
Note A: Guaranteed maximum difference between fastest RASI to RAS, delay and the slowest A, to Q, delay on any single device. 
Note B: Guaranteed maximum difference between fastest MSEL to Q, delay and the slowest RAS! to RAS,, delay on any single device. : 
Note C: Guaranteed maximum difference between fastest CAS! to CAS, delay and the slowest MSEL to Q, delay on any single device. 


FIGURE 2. Specifications Applicable to Memory Cycle Timing (MC, = 1,0) 
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Timing Waveforms (continued) 


ARn, ACn 


Ty 


VYVV VY 
Qn | «KX XX YE ROW REFRESH ADDRESS XXX COLUMN REFRESH ADDRESS 


TL/F/9608-6 
FIGURE 3. Desired System Timing 


Refresh Cycle Timing 


MCn 4 
Qn XX XXX ROW REFRESH ADDRESS VALID 4CXXXX 2K COLUMN ADDRESS VALID 
ae 


ANN: 


TL/F/9608-7 
FIGURE 4. Specifications Applicable to Refresh Cycle Timing (MC, = 00,01) 
Note B: Guaranteed maximum difference between fastest MSEL to Q, delay and the slowest RAS! to RAS, delay on any single device. 
Note C: Guaranteed maximum difference between fastest CASI to CAS, delay and the slowest MSEL to Q, delay on any single device. 
Note D: Guaranteed maximum difference between fastest RASI to RAS, delay and the slowest MC,, to Q, delay on any single device. 
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29F68 


Refresh Cycle Timing (Continued) 


MCn 4 MCn = 01 
Qn XXX} ROW REFRESH ADDRESS VALID OXXXX > COLUMN REFRESH 


tasr ; 
RAH 


a 


CASI 
tasc 


CHEn | Ws 


FIGURE 5. Designed Timing—Refresh with Error Correction 


MCn x MCn =00 


TL/F/9608-8 


. tase 
RASn 


TL/F/9608~9 


FIGURE 6. Desired Timing—Refresh without Error Correction 
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Absolute Maximum Ratings (note 1) 


If Military/Aerospace specified devices are required, 
please contact the National. Semiconductor Sales 
Office/Distributors for availability and specifications. 


Storage Temperature —65°C to + 150°C 
Ambient Temperature under Bias — 55°C to + 125°C 
Junction Temperature under Bias —55°C to + 175°C 


Vcc Pin Potential! to 
Ground Pin 
Input Voltage (Note 2) 
Input Current (Note 2) 
Voltage Applied to Output 
in HIGH State (with Vcc = OV) 
Standard Output 
TRI-STATE® Output - 
Current Applied to Output 
in LOW State (Max) twice the rated lo, (mA) 
Note 1: Absolute maximum ratings are values beyond which the device may 


—0.5V to +7.0V 
—0.5V to +7.0V 
—30 mA to +5.0 mA 


—0.5V to Vcc 
—0.5V to + 5.5V 


be damaged or have its useful life impaired. Functional operation under 


these conditions is not implied. 
Note 2: Either voltage limit or current limit is sufficient to protect inputs. 


DC Electrical Characteristics 


Symbol! Parameter a Aad 
Min Typ Max 
—1.2 
2.5 


VIH 


VIL Input LOW Voltage 


Vep 


Output HIGH 
Voltage 


54F 10% Vcc 
54F 10% Vcc 
74F 10% Voc 
74F 10% Voc 
74F 5% Voc 


VoH 
2.4 


2.5 
2.4 
2.7 
2.7 


74F 5% Voc 


Output LOW 
Voltage 


54F 10% Voc 
54F 10% Voc 
74F 10% Voc 
74F 10% Voc 


Input HIGH Current a 
Input HIGH Current 
Breakdown Test 


ht Input LOW Current P08 


lozH 
loz 


Output Leakage Current 


Output Short-Circuit Current 


Output HIGH Leakage Current 


los 
ICEX 
Izz 
ICCH 


Power Supply Current 
Power Supply Current 
Power Supply Current 


Ioct 
locz 


Input HIGH Voltage [200 
Input Clamp Diode Voltage Sa 





0.8 

20 

100 

—60 —150 

250 
500 
300 
300 


Output Leakage Current P50 | 
Bus Drainage Test | 800 


4-651 


Recommended Operating 
Conditions 


Free Air Ambient Temperature 
Military 
Commercial 
Supply Voltage 
Military 
Commercial 


— 55°C to + 125°C 
0°C to + 70°C 


+ 4.5V to + 5.5V 
+ 4.5V to +5.5V 


Ve Conditions 


oO 


Recognized as a HIGH Signal 
Recognized as a LOW Signal 
lin = —18mA 
loy = —1mA 


Vv 
Vv 
Vv 


0.5 
0.8 
0.5 


Vout = 2.7V 
Vout = 0.5V 
Vout = 0V 
Vout = Vcc 
Vout = 5.25V 
Vo = HIGH 
Vo = LOW 
Vo = HIGHZ 


< 


0.0 


pA 
pA 
mA 
pA 
pA 
mA 
pA 
pA 
mA 
mA 

A 


mM. 
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29F68 


AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 


Military . Commercial 
29F . ' 29F ; 


Ta = +25°C 
Parameter Vec = +5.0V 
C. = 50 pF 


Ta, Voc = Com 
C, = 500 pF 


| Min Max | Min Max | Min Typ Max 
Propagation Delay 3.0 11.0 2.5 12.0 19.0 
AR to Q, 3.0 11.0 2.5 12.0 22.0 
Propagation Delay 3.0 11.0 2.5 12.0 
AC to Qn 3.0 11.0 2.5 12.0 
Propagation Delay | 3.5 3.0 13.0 ee ee 


RASI to RAS; 3.5 13.0 


Propagation Delay 1.0 8.5 
CASI to CAS; 1.0 8.5 


Propagation Delay | 3.0 14.0 
MSEL to Q, 3.0 14.0 


Propagation Delay 4.0 
MC, to Q, 4.0 


Propagation Delay 3.5 
MC, to RAS, 3.5 


Propagation Delay 4.0 
MC, to CAS, 4.0 


Propagation Delay 4.0 
LE to RAS, 4.0 


Propagation Delay 5.0 
LE to CAS, 5.0 


3.5 
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AC Electrical Characteristics: see Section 2 for Waveforms and Load Configurations 


Parameter 


Output Disable Time 
OE to Q, 


Output Disable Time 
OE to Q, 


Output Disable Time 
OE to RAS, 


Output Disable Time 
OE to RAS, 


Output Disable Time 
OE to CAS, 


Output Enable Time 
OE to CAS, 


Pulse Width, HIGH or LOW 
CAS», RASh 


Qn to CASp, RASp 


Parameter 


Setup Time, HIGH or LOW 
An to LE 


Hold Time, HIGH or LOW 
An to LE 


Setup Time, HIGH or LOW 
SEL to LE 

Hold Time, HIGH or LOW 
SEL to LE 


Ta = +25°C 
Vcc = +5.0V 
C_ = 50 pF 


dee 


1.0 
1.0 


15.0 
15.0 


- = +25°C 
Vec = +5.0V 


ee 


Tas Vec = Mil 
CL = 50 pF 


4-653 


Ta, Vec = Com 
C, = 50 pF 
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Section 5 
Ordering Information and 
Physical Dimensions 





Section 5 Contents 


Ordering Information and Physical Dimensions 
Bookshelf 
Distributors 





GA National 


Semiconductor 


FAST® Ordering Information 


uoHewoOju] Buapso 


The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 


74F XXX P C QR 
Temperature Range Family ee | ise Special Variations 


74F = Commercial X = Devices shipped in 13” reels 

54F = Military QR = Commercial grade device 

29F = Commercial or Military with burn-in 

QB = Military grade device with 
environmental and burn-in 
processing 


Device Type 





Package Code : 


P = Plastic DIP Temperature Range 
SP = Slim Plastic DIP C = Commercial—JEDEC 


D = Ceramic DIP (—40°C to + 85°C) 
SD = Slim Ceramic DIP J = Commercial—E!lAJ 


FS oa ee eae (0°C to +70°C) SOIC Only 
L = Leadless Chip Carrier (LCC) M = Military 


Q = Plastic Chip Carrier (PCC) (- 55°C to + 125°C) 
S = Small Outline (SOIC) 
For most current packaging information, contact Product Marketing. 
JEDEC-EIAJ Small Outline Package Comparison 
0.228 0.245 0.228 0.245 0.393 0.420 0.393 0.420 
(5.80) (6.20) (5.80) (6.20) (10.0) (10.65) (10.0) (10.65) 
0.149 0.158 0.149 0.158 0.291 0.300 0.291 
(3.80) (4.00) (3.80) (4.00) (7.40) (7.60) (7.40) 
0.300 0.350 0.300 0.350 0.300 0.350 0.300 
(7.62) (8.89) (7.62) (8.89) (7.62) (8.89) (7.62) 


0.198 0.245 0.198 0.245 0.198 0.245 0.198 
(5.02) (6.22) (5.02) (6.22) (5.02) (6.22) (5.02) 


midi 





Units: Inch (mm) 


TL/F/9790-2 





Physical Dimensions 


ZA National 


Semiconductor All dimensions are in incnes (millimeters) 


52 Lead Side-Brazed Dual In-Line Package (D) 
NS Package Number D52A 


2.625 
(86.70) 
MAX 
$2.51 50 48 48 47 Batt 88 7, 88 35 8? 0 29 BT 


7 8 9 0 WW #12 «130 «14 15 166 617:«18 618 20 At 2228S 


0540, 


ina) 
ores 2.080 -0.060, a ee 


iris) 7271529 119-0.200 
MIN {2.794 - 5.080) 


(2sez0. zs) (0.889 — 1.397) 
SEATING PLANE TYP 
‘ 0.015 0.023 


(0.381 -0.584) 
TYP 


9.008-0.015 0.040 = 

(0.203-0.381) (1.016) 

Tye MAX TYP 
0.590 —0.620 


{14.99 — 15.75) 


20 Terminal Ceramic Leadless Chip Carrier (L) 
NS Package Number E20A 


0.200 + 0.005 
(5.080 40.127) 
We 45° 9.015 + 0.010 
(0.381 + 0.254) 
0.350 +0.008 0.015 


| | 0.063 -0.075 (0.381) eeurentn 


(1.600 - 1.905) MIN TYP 


9.022 - 0.028 


(0.559-0.711) 
0.077-0. oorr-o03 4 TYP 


(1959-2362) J 


0.045-0.055 Go 


(1.143-1.397) Eis = 
Z cit Te 0.067 = 0.083 >| le if 0.045 -0.055 
(1.702 ~ 2.108) (1.143 —1.397) 
Top View Side View _ TYP 
45° x 0.040+0.010 


(1.016 + 0.254) 





Bottom View 


0.015 
8.003, (0.381) 


10.076} 
HIN el psy nee 


0.022, Fa, A 


(0.5597—>>j_ je 0.006 
MAX TYP (0.152) 
MIN TYP 


Detail A 





28 Terminal Ceramic Leadless Chip Carrier (L) 
NS Package Number E28A 


0.404 —_— 0.020 


(10.26) . x 45° 0.065—0.076 
j (0.508 
sa | am | 7] c (1.651 — 1.930) 
YP 0.085 


SMe 
(2.159) 


BOTTOM 
VIEW 


E28A (REV C) 


14 Lead Ceramic Dual In-Line Package (D) 
NS Package Number J14A 


0.290--0.320 0.005 Bonito 
(7366-8 128) a7 | aa 0.060 +0.005 (5.080) 
MIN SEALANT (152430.127) MAX 9.920-0.060 
(0.508—1.524) 


86°94° TYP 

10° MAX 0.008-0.012 
0310-0410 | (0.203-0.308) 0.018 +0.003 0.018 20.003 | || 0.125-0.200 
(7.874-10.41) 9.098 (0.457 10.076) en 
Saat) (3.175—5.080) 


MAX BOTH ENDS 0.100 +0.010 0.150 
(2.540 +0.254) 540 +0.254) (3.81) 


MIN J14A (REV G) 





suolsuawig jeoiskud 


Physical Dimensions 


16 Lead Ceramic Dual In-Line Package (D) 
NS Package Number J16A 


0.785 
(19.939) 


0.220-0.310 
(5.588 — 7.874) 


0.005—0.020 
(0.127 — 0.508) 
RAD TYP 


/” SEALANT 0.200 


0.290 —0.320 0.005 0.055 +0.005 (5.080) 
(7.366 ~ 8.128) r (0.127) (1.397 +0.127) 
MIN 


0.008 —0.012 
(0.203 — 0.305) 


- 0.080 0.018 +0.003_ 003 0.125—0.200 0.020—0.060 
0.310 — 0.410 ar (0.457 40.076) — (3.175 —5.080) (0.508 — 1.524) 
(7.874 — 10.41) Sai 


ENDS 0.037 + 0.005 


(0.940 + 0.127) 


JI6A (REV K) 


0.100+ 0.010 
(2. (2.540 + 0.254) 254) 


18 Lead Ceramic Dual In-Line Package (D) 
NS Package Number J18A 


0.020 
(0.508) ~————~ RAD MAX 


0.200 
0.037 +. 0.005 (5.080) MAX 


0.290—0.320 0.055 +. 0.005 "(0.940 + 0.127) 0.020 —0.060 


|(7.366—8.128) 366 —8. 128)| (1.397 +0.127) (0.508 — 1.524) 


GLASS SEALANT. | 0.125-0.200 
(3.175 —5.080) 


0.008 — 0.012 
95° + 5° (0.203 —0.305) 


im 
86° 94° 
| 0.310 - 0.410 | TYP | 0.1004 0.010, 

“(7.874 —10.41) (2540+0.254) | 


0.018 + 0.003 


(0.457 + 0.076) DOH ENDS 


JI8A (REV L) 





20 Lead Ceramic Dual In-Line Package (D) 
NS Package Number J20A 


0.985 


0.025 (25.019) 


(0.635) 
RAD 


0.220-0.310 
(5.588 — 7.874) 


fe 
0.005 — 0.020 


(0.127 — 0.508) 
RAD TYP 


0.037 +0.005 
(0.940 0.127) 
0.005 


0.290 —0.320 
(7.366 — 8.128) 


95°+5° 86° 94° 


0.008 — 0.012 
(0.203 — 0.305) 


0.060 
(1. (1524) 


|___0.310-0.410 0.410 


(7.874 — 10.41) 


0.100+ 0.010 


BOTH ENDS 
(2.540 + 0.254) 


24 Lead Ceramic Dual In-Line Package (D) 
NS Package Number J24A 


1.290 
(32.766) 


0.030~0.055 


(0.762-1.397) 
RAD TYP 


0.055 +0.005 
(1.397 +0.127) 


GLASS 
SEALANT 


0.005 


(0.127) 
MIN 


0.590—-0.620 
(14.986-15.748) 


= 


0.008-0.012 
(0.203—0.305) 
0.098 


(2.489) 
MAX 


— 





0.100 :0.010 
(2.540 10.254) 


Sea 





Gg jeoisAug 


SuOISUdUII 


0.055 +0.005 
(1.397 £0.127) 


<_ 
0.020-—0.060 
(0.508 ~ 1.524) 


0.125—0.200 


(3.810) 0-125—0.200 
(3.175 — 5.080) 


0.018 + 0.003 
(0. (0.457 + 0.076) 


esr =| 


J20A (REV M) 


0.600 
(15.240) 


0.514-0.526 
(13.06~-13.36) 


0.180 


(4.572) 


MAX 
0.020—-0.070 


(0.508—1.778) 


0.018 +0.003  9¢.. 
(0.457 +0.076) 076) Es 
TYP 


0.150 


(3.810) 
MIN 


0.125—0.200 
(3.175—-5.080) 
MIN 


J24A (REV Hi} 


Physical Dimensions 


24 Lead Slim (0.300” Wide) Ceramic Dual In-Line Package (SD) 


NS Package Number J24F 


0.025 ee) 
(0.635) (32.77) 


0.060 +0.005 
(1.524 +0.127) 


MAX 
0085 OTH 
(2.413) ENDS 


0.100 aot | | 
(2.54 +0.254) 


TYP 


ail TYP 
0.018 +0.003 ame oan | 0.126 C 0.310-0.410 | 
(0.457 20.076) m7 a7 (7874-1041) 


0.030~0.055 
(0.762-1.397) 


RAD TYP 
0.290-0.320 


ici saab (7.366-8.128) 
(0.508—1.778) 


0.008—0.012 


| 28° 5° —_—_——_ 
{0.203-0.305) 


J24F(REV G) 


28 Lead Ceramic Dual In-Line Package (D) 


NS Package Number J28A 


0.030-0.055 
(0.762-1.397) 
RAD TYP 
0.180 
(4572) 
0.590-0.620 MAX GLASS 
(14.986-15.748) SEALANT 


0.008-0.012 
— 
(0.203—0.305) 


+0.025 
0.685 0.060 
+0.635 


95° 16° 


Pa 
0.060-0.100 


(1.524-2.540) 


(17.40 E28) 





0.600 


(15.240) 
MAX GLASS 


0.514-0.526 
(13.06-13.36) 


jargas) MAX 


0.225 
0.055 +0.005 (5.715) 
"(1,397 20.127) MAX 


0.125 


(3.175) 


0.018 -0.002 MIN 


(0.457 :0.508) 


Doe 
0.100 +0.010 
(2.580 +0254) 


J28A REV Et 





14 Lead Small Outline Integrated Circuit (S) 


NS Package Number M14A 


0.150 —0.157 


(3.810 —3.988) | 


0.010-0.020  4., 
(0.254 —0.508) 
B° MAX TYP 


ieee 0.010 


(0.203 — (0.203 — 0.254) = > 


TYP ALL LEADS 0.004 
(0. (0.102) 
ALL LEAD TIPS 


0. a 0.016 -0.050. 
(0.406 — 1.270) 
TYP ALL LEADS 


0.335 -—0.344 
(8.509 — 8.738) 


0.228 -0.244 
(5.791 —6.198) 


LEAD NO. 1 4 
IDENT 


(0.254) 


0.053 -0.069 


(1.346 =1.753) 
0.004 —0.010 
(0.102 —0.254) 





0.014—0.020 typ 
mr (0.356 0.508) 
0.008 


(0.203) '*? 


M14A (REV Hi) 


14 Lead Small Outline Package — EIAJ (SJ) 


NS Package Number M14D 


0.016 - 0.031 
(0.406 - 0.787) 


DETAIL F 


0.006 - 0.010 


wae 152 - 0.254) 


| rr |__ 208 
{124s REF 


SEE DETAIL F 


0.394 — 0.402 
(10.01 - 10.21) 
12 141 10 

| 
= 
a 


0.205 - 0.213 


0.295 - 0.319 0.205 - 0.213 
(5.207 - 5.410) 


(7.493 - 8.103) 


0.071 EF 0.067 ~ 0.083 
(1.803) (1.702 ~ 2.108) 


SEATING PLANE 


0.000 - 0.010 
(0.000 ~ 0.254) 


| | | 0.050, 
(1.270) 

0.014 - 0.020 

(0.356 - 0.508) 


M14D (REV A) 





suoisuawig jeoisAud 


Physical Dimensions 


16 Lead Small Outline Integrated Circuit (S) 


NS Package Number M16A 


0.150 - 0.157 
{3.810 — 3.988) 


8.010 - 0.020 
8° MAX TYP 


(0.254—0.508) “45° =i - 
ALL iy 


“+ 0.016 —0.050 
(0.406 — 1,270) 


TYP ALL LEADS 


0. lee 0.008—0.010 
(0.203 -0.254) 
TYP ALL LEADS 


Pt (on hs 


0.386 —0.394 
(3.804 — 10.00) 


12 


0.228-0.206 
(5.791 6.198) 


LEAD NO.1 
IDENT 0.010 may 


(0.254) 


0.053 —0.069 
(1.346 — 1.753) 


0.014 eae 2s oe 0.050 

(0.356) (iz (1279) 
0.008 
(0.203) 


0.004—0.010 
{0.102 wie 





SEATING 
PLANE 


ih 0.014—0.020 yyp 
(0.356 —0.508) 


M16A (REV H) 


16 Lead (0.300” Wide) Small Outline Integrated Circuit (S) 


NS Package Number M16B 


0.291 --0.299 
17.391 —7.595) 
0.010-0.029 _,., 
=H (0.254—0.737) * 
0.009 0.013 
(0.229 -0.330) 
TYP ALL LEADS 


, 


8° MAX TYP 
ALt LEADS 





| 0.016 —0.050 
(0.406 — 1.270) 
TYP ALL LEADS 


(0.102) 
ALL LEAD TIPS 


0.398 — 0.413 
(10.11 — 10.50) 
16 615 14 «13° «12 «It «10 «9 


0.394 —0.419 
(10.01 — 10.64) 


LEAD NO. 1 —-() 
IDENT 


0.093-0.104 
(2.362 — 2.642) 


0,004-0.012, 
are ta 


a = 


SEATING 


me 1 
0.014 


(0.356) 





(0.356 — 0.508) 


0.008 typ 


(0.203) M188 (REV £) 





16 Lead Small Outline Package — EIAJ (SJ) 
NS Package Number M16D 


(10.01 - 10.21) 


1413012 


0.295 ~ 0.319 
(7.493 - 8.103) 


Tho 


{0.406 - 0. 787) 
DETAIL F 


—_ REF 
0.006 - 0.010 


(0.152 - 0.254) ji 
0.049 REF | ibe 0.050 


(1.245) (1.270) 


SEE DETAIL F 0.014 - 0.020 
(0.356 — 0.508) 


20 Lead Small Outline Integrated Circuit (S) 
NS Package Number M20B 


0.294-0.419 f 
(10.008 — 10.643) 


LEAD NO. 1 


0.291 -0.299 


{7.391 -7.595) 
G.093 —0.104 


0.010-0.029 4. 8.093 — 0.104 
(0.254-0.737) * (2.362 —2.642) 


8° MAX TYP 
ALL LEADS 


—_ 


0.009 -0.01 —— O04 
EEE (0.102) 0.016 — 0.050 0356) 
(0.229 ~0.330) ALL LEAD TIPS (0.406 —1.270) 
TYP ALL LEADS TYP ALL LEADS 


0.004 | | 0.014 





cq — 0.050 050 
~ t1270) rity 
-0.008 typ 
(0.203) M20B (REV F) 


0.205 - 0.213 
(5.207 ~ 5.410) 


0.067 - 0,083 
(1.702 - 2.108) 


ae PLANE 


0.000 - 0.010 “sal 
(0.000 - 0.254) 


M16D (REV A) 


0.496 - 0.512 
(12.598 — 13.005) 


0.010 pay 
(0.254) 


0.004 —0.012 
(0.102 — 0.305) 


[geo eae ee Oe A te 
1 piel gaa am 


a a PLANE 


| L _0.014—0.020 yyp 
(0.356 —0.508) 
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Physical Dimensions 


20 Lead Small Outline Package — EIAJ (SJ) 
NS Package Number M20D 


(12.50 - 12.70) 


17 16 «615 


0.295 - 0.319 0.205 - 0.213 
(7.493 - 8.103) (5.207 — 5.410) 


TL. 


(0.406 - 0. 787) 
DETAIL F 


0.071 0.067 - 0.083 

—— REF .067 - 0. 
0.006 - 0.010 (1.803) (1.702 - 2.108) 
(0.152 — 0.254) 


| pe Sa PLANE 
| 0.049 | | 0.050 
(i.24sy *EF (1270) 0.000-0.010 alee 0.010 


(0.000 - 0.254) 
SEE DETAIL F 0.014 - 0.020. 


(0.356 - 0.508) 356 - 0.508) 
M20D (REV A) 


24 Lead Small Outline Integrated Circuit (S) 
NS Package Number M24B 


0.596 —0.612 
(15.14 — 15.54) 
23. «22:«210=«20 19 1817 6514 


| 


0.394 -0.419 
(10.01 — 10.64) 


LEAD NO. 1 ; 


(0.686) 


0.291 —0.299 

(7.391 - 7,594) 
0.017 
(0.432) 


0.037-0.044 0.093 -0.104 
(0.940- 1.118)  (2.362—2.642) 
0.009— 0.013 
{0.229— 0.330) (0,004 - 0.012, 
TYP ALL LEADS 0° —8° TYP ALL LEADS | (0-102— 0.305) 


| 0.030 — 0.050 . To 0.014 - 0.019 


(0.762 —1.270) A (0.356 —0.483) bass ati 483) 
(0.102) TYP ALL LEADS 
ALL LEAD TIPS 
M248 REV C: 





28 Lead Small Outline Integrated Circuit (S) 
*NS Package Number M28B 


suoisuawig jeoisAud 


.60 (0.300) 
40 (0.291) 


10.65 (0.420) 
10.00 (0.393) 


0.75 (0.030) . jo 
0.25 (0.009) **> 


(pind (esate | 

EEA ES WE es (ibs 

WHA A AAA AAA AA Th 2.35 (0.092) 
Ve 

1.27 (0.050) “hia ea) 

BSC 


0.35 (0.013) 1.27 (0.050) 
0.40 (0.015) 


0.30 (0.012) 
0.10 (0.003) 





*For most current package information contact product marketing. 


14 Lead Plastic Dual In-Line Package (P) 
NS Package Number N14A 


0.740—0.770 
(18.80 — 19.56) 





0.250 +0.010 ) 


(6.350 0.254) 
y PIN NO. 1 ee 
“TD BITE 


(DENT 


0.092 0.030 MAX 
(2.337) (0.762) DEPTH 


OPTION 1 OPTION 02 


0.135 +0.005 0.300 —0.320 
(3.429 £0.127) (7.620—8.128} 0.065 


0.145 —0.200 0.060 aoe 
—— ——~ TvP 4° TYP 
(3.683 —5.080) (1.524) 7\ OPTIONAL (1.651) 


0.008 — 0.016 


95°+5° 0.008 0.016 
0.020 go° +4° TYP (0.203 —0. 406) 
0.508 7 
rn 0.125 —0.150 ae 0.075 +0.015 

(3.175 —3.810) > “*11.905 £0,381) 0.280 
0.014-0.023 typ__ || eo 
{0.356 — 0.584) —» 
<——_—____»> 
+0.048 
0.325 * 45 


(0.25553) 


0.100 + 0.010 


{2.540 0.254) 
0.050 + 0.010 


(1.270 - 0.254) 


NI14A (REV F) 





Physical Dimensions 


16 Lead Plastic Dual In-Line Package (P) 
NS Package Number N16E 


0.090 
(2.286) 


0.250 £0.010 
(6.35020.254) 


PIN NO. 1 
IDENT 


0.130 0.005 
( 


te} 
3.302 £0.127) pala 


OPTIONAL 
0.145 = 0.200 


(3.683 - 5.080) 


0.020 | | 
0.508) MIN 


( 0.125 = 0.150 
(3.175 = 3.810) 
0.014 = 0.023 


(0.356 - 0.584) 
TYP 


90° 4° TYP 


0.0300.015. 
1 "(0.762 £0.381) 
0.100 £0.010 
(2.540 £0.254) 





0.050 £0.010 
(1.270 # 0.254) 
TYP 


18 Lead Plastic Dual In-Line Package (P) 
NS Package Number N18A 


0.843-0.870 


0.090 (21,41-22.10) 


0.092 0.030 


(2.336) (0.762) 
NOM MAX 
DEEP (2 PLCS) 


0.280 
(7.112) 
MIN 
0.300-0.320 
| (7.620-8.128) | 


95°+5° 


0.065 0.060 
(1.651) (1-524) 


TTT) 0.018 +0.003 
+0, —_——__ 
0.325 _y 915 (0.457 +0.076) 


—————$_ 


(o2s5 


0.025 +0.015 1 a 
(0.635 +0.381) 


71016 0.100 +0.010 
0.381 (2.540 20.254) 
TYP 


PIN NO. 1 
IDENT 


2 | 
OPTION 02 


0.300 = 0.320 
7 (7.620 ~ 8.128) 


95°%5° 
0.280 


(7.112) 
MIN 


+0.040 
(0.325 -0.015 


+1.016 
(8.255 -0.381 


0.250 +0.005 
(6.350 +0.127) 


0.130 +0.005 
(3.302 +0.127) 


90° +4° 


peat 


0.065 
(1.651) 


——F 


0,008 = 0.016 
(0.203 = 0.406) 


NIGE (REV F) 


0.145-0.200 
(3.683—5.080) 


TYP 0.020 





(0.50 
0.125-0.140 | sin 


(3.175-—3,556) 


8) 


NBA (REV E) 





20 Lead Plastic Dual In-Line Package (P) 
NS Package Number N20B 


0.970-0.990 


0.092 x 0.030 (24.638-25.146) 


(2.337 X 0.762) 
MAX OP 
PIN NO. 1 IDENT 0.240-0.260 
(6.096-6.604) 
0.280 
(7.112) 
MIN 
0.290-0.325 
(7.366-8.255) 


0.008-0.015 90° 0.004° 


0. 203-0.381) 


0.032 +0.005 


(0.813 +0.127) 
RAD 


PIN NO. 1 asa 


OPTION 2 


suoisuawig jeoisAud 


0.130 0.005 
(3.302 0.127) 


0.145~-0.200 
| (3.683—5.080) 


0.020 


0.1000.010 iJ | 0.125-0.150 (0.508) 
0.040 (2.54020.254) 0.014-0.023 {| 03.175-3.810) MIN 
(i (1.016) “° (0.355—0.585) 


24 Lead Plastic Dual In-Line Package (P) 
NS Package Number N24A 


(31.57—32.26) 


OOTTED OUTLINES 
REFLECT ALTERNATE 
0.580 MOLDED BODY CONFIGURATION 


(14.73) 
MIN 0.030 
(0.762) 0.075 
0.600-0.620 MAX ir508) 0.060 


ews 5.24~-15.748) (1,524) 


0.009-0.015 


95°+5° 
+0.025 (0.229--0.381) 


0.625 


N20B (REV A) 


0.540 +0.005 
(13.716 £0.127) 


0,160 +0.005 
(4.064 0.127) 


0.170-0.210 
(4.318-5.334) 


0.015 0.075 +0.015 
_— —-| ee ~-| aa Th sao (0380 
( +0538) (1.905 +0.381) 0.100 20.010 (0.457 “a8 ET a re MIN 


5.875 
on (2.540 20.254) 





N24A (REV E) 





Physical Dimensions 


24 Lead Slim (0.300” Wide) Plastic Dual In-Line Package (SP) 
NS Package Number N24C 


0.300 -0.320 
(7.62—8.128) 


0.009 —0.015 
(0.229 —0.381) 


+0.040 
—0.015 
pe) 
—0.381 


0.325 


(6.255 


0.092 


(2.337) 
(2 PLS) 


PIN NO. 1 
IDENT 


0.065 
(1.651) 


0.075 + 0.015 
(1.905 + 0.381) 


1.243 —1.270 
(31.57 —32.26) 
MAX 


EJECTOR PINS 
OPTIONAL 


0.018+0.003 
(0.457 £ 0.076) 
TYP 


0.100+0.010 
(2.54 +0.254) 
TYP 


28 Lead Plastic Dual In-Line Package (P) 
NS Package Number N28B 


0.030 0.600—0.620 
(0.762) (15.24—15.75) 


95° + 5° 


+0.025 
0.625 0015 


3 + 0. 635) 
“ = 0.381 


0.510+0.005 
(12.95+0.127) 


ty {2 13} Ley Ls] Ls] 
1.393 ~— 1.420 
(35.38 — 36.07) 


"0.050 
(1.270) 


0.445—0.210 
(3.683 —5.334) 


0.009-0.015 

{0.229-0.381) 
0.050+0.015 
(1.270 0.381) 


.100 + 0.010 
ei Son ke 


0.260+0.005 
(6.604+0.127) 


0.1304 0.005 
(3.302 + 0.127) 


0.145—0.200 
(0.508 Ment (3.683—5.080) 7 = 5.080) 


0.125 —0.145 
‘(3.175 — 3,556) 
MIN 


90° +4° TYP 


N24C (REV F) 


0.125 —0.165 
(3.175-4.191) 9.929 


(0.508) 


86° 94° TYP 


0.125 -0.145 
(3.175 —3.683) 


{fee eee 0.018 + 0.003 
(0.457 + 0.076) 


N28B (REV E) 





20 Lead Plastic Chip Carrier (Q) 
NS Package Number V20A 


4 SPACES AT 
0.050 
(1.270) 


19} 201 2 


» CUMIN, os 
DIA NOM 
PEDESTAL 


wong: 

snes HHH 

hz oe 
SQUARE 


0.310 -0.330 
(7.874 — 8.382) 


(CONTACT DIMENSION) 


(0.330 — 0.457) 
0.026 -0.032_ P 
0.020 


{0.660 0.813) ie is 813) pica tall 
t (0.508) 
— MIN 
0.005 — 0.015 0.032 0.040 
(0.127— (0.127—0.381) 381) (0.813 — 1.016) 


0.104 —0.118 
(2.642 —2.997) 642 — 2.997) Kg 0.350 0.165 —0.180 
(8.890) (4.191 — 4.572) 
REF SQ 
0.385 — 0.395 
(9.779 — 10.03) 
SQUARE V20A {REV J} 


28 Lead Plastic Chip Carrier (Q) 
NS Package Number V28A 


6 SPACES AT 


0.050 
(1.270) 
0.130, 


(3.302) 
DIA 
NOM 

PEDESTAL 


NOM SQUARE 


0.410-0.430 
(10.41 —10.92) 
SQUARE 
(CONTACT os 
0.013—-0.018 


0.020 
0.032 —0.040 (0.508) (0.330 0.487) 0.165 -0.180_ 
(0.813— ieee MIN (@191—45572) eS ey 


Pome ais, =H 


(0-127 —-0.381) 
PIN NO. 1 0.026- __ozs-o02 Ff 0.104~-0.118 


IDENT (0.660—0.813) ie i 813) (2.642—2.997) 
0.450 : 
(11.43) 


REF SQ 
(0.485 0.495 _ 
(3212.8 <a ae 57} 


V28A (REV G) 





iq jeoisAud 


SUOISUSUW! 


Imensions 


Physical D 


52 Lead Plastic Chip Carrier (Q) 
NS Package Number V52A 


12 SPACES AT 
0.050 =0.600 
(1.270 = 15.24) 


12 SPACES AT 
0.050 «0.600 
{1.270 = 15.24) 


o atte LEAO #1 IDENT 


(1.524) 
0.750 + 0.003 
{19.05 + 0.076) 


(0.660 — 0.813) 
TYP 


0.013-0.018 


750 £0. (0.330—0.457) 
0.750 + 0.003 a 


(19.05 + 0.076} 


68 Lead Plastic Chip Carrier (Q) 
NS Package Number V68A 


0.050=0.800 
(1.270 = 20.32) 
16 SPACES AT 


0.330 

(8.382) 
DIA NOM 
PEDESTAL 


(1.270 = 20.32) 
16 SPACES AT 


0.165 -0.180 
(4.191 —4.572) 


0.018 -0.040 
(0.457 ~ 1.016) 


0.095 —0.125 
(2.443 ~3.175} 


0.710 -0.730 
(18.03 16.54) 


0.020 
(0.508) 

MIN 
0.104 —0.118 
(2.642 —2.997) 


0.013—0.018 
(0.330—0.457) 
0.910-0.930 | Typ 
(23.11—23.62) 
SQUARE 
CONTACT 
DIMENSION 


0.032 —0.040 
(0.813 —1.016) 


0.005 0.015 
(0.127 —0.381) 


0.785 —0.785 
(19.94 —20,19) 


0.785 —0.795 
(19.94 -20.19) 


V52A (REV A) 


0.985 —0.995 
(25.02 — 25.27) 
SQUARE 


0.026 —0.032 
(0.660 — 0.813) 


0.165 — 0.180 
(4.191 —4.572) 


V6BA (REV G) 





14 Lead Ceramic Flatpak (F) 
NS Package Number W14B 


0.055=0.080 


(1.397=2.032) 


0.026-0.035 0.050 20.005 


(0.660-0.889) (1.270 £ 0.127) 
Typ TYP 


SEE 
DETAIL A 
PIN #1 
IDENT 


0.004-0.006 _,||__ 0.015-0.019 _,| 


(0.1 Soe 52) (cei ns) 


16 Lead Ceramic Flatpak (F) 
NS Package Number W16A 


0.050—0.080 
(1.270 —2.032) " 

0.004—0.006 1, 0.007-0.018 
10.102 —0.152) T (0.178 —0.457) 780.657) 


0.300 
(7.620) 
MAX GLASS 


DETAIL A>! 
Ll 
PIN NO, 1 


0.026 — 0.040 2 
(0.660 — 1.016) ue 





qa eoiskud 


0.370=0.385 


(9.398-9.779) 


SUOISUSUI! 


0.250-0.370 


(6.350=9.398) 


0.245=0.255 
(6.223=6.477) 
0.008-0.012 
(0.203-0.305) 
DETAIL A 
0.250=-0.370 


(6.350-9.398) 


RES) ie) MAX TYP W143 (REV H) 


0.371 —0.390 
(9.423 — 9.906) 


0.050 +0.005 
(1.27040.127) YP 
=| ~t— 0.000 MIN TYP 


0.250 —0.370 
(6.350 ~- 9.398) 


1 
0.245-0.275_ 
(6.223 — 6.985) 


0.008 ~ 0.012 

| (0.203 — 0.305) 
0.250 —0.370 DETAIL A 

(6.350 — 9.398) 


0.015 0.019. 
(0.381 ~ 0.482) 


TYP W16A (REV H) 


imensions 


Physical D 


20 Lead Ceramic Flatpak (F) 
NS Package Number W20A 


(isza-2286) 060-0.090 0.540 MAX 
(1.524=2.286) (13.72) 
0.030-0.040 0.050 £0.005 


(0.762=1.016) “| [*t-27080.127) “| (0.127) 


0.250=0.320 


(6.350-8.128) 


0.285. 0.260-0.270 


MAX GLASS 


om 9 


7. (7.239) (6.604=6.858) 
0.008-0.01 » | 


. 203-0.305) 


DETAIL A 


0.250-0.320 


DETAIL A (6.350-8.128) 


PIN #1 
IDENT 


0.004=0.006 0.015=0.019 
aL gsc 2.006 yp (0.381-0.483) "YP | 


24 Lead Ceramic Flatpak (F) 
NS Package Number W24C 


0.080 — 0.090 0.590 ~ 0.625 


—> ——___ —— 
(2.032 — 2.286) (14.99 — 15.88) 
0.030 —0.040 0.050 + 0.005 


—r>|  ~<— 
(0.762 — 1.016) (1.270 0.127} | | 


24 23 22 21 20 19 18 17 16 15 14 13 


0.400 
(10.16) 
MAX GLASS 
0.011 —0.025 
(0.279 —0.635) 


OPTIONAL 


PIN #1 

IDENT 

OPTION #1 

(REFER DETAIL *'A’’) 
0.015 —0.019 


0.004 —0.009 ae 
(0.381 — 0.483) 


(0.102 —0.229) 


0,008 —0.015 
(0.203 —0.381) 


5-20 


W20A (REV D) 


0.005 yin TYP 
(0.127) 


0.250~0.320, 
(6.350 — 8.128) 


0.365 — 0.380 


(9.271 — 9.652) 0.011 0.025 


(0.279 —0.635) 
0.250-0.320 


(6.350 — 8.128) 
0.008 —0.015 
(0.203 —0.381) 


DETAIL ‘‘A'' PIN #1 IDENT OPTION 2 


W24C (REV OF 
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Gaithersburg 
Pioneer Technology 
(301) 921-0660 


MASSACHUSETTS 
Andover 
Bell Industries 
(508) 474-8880 
Lexington 
Pioneer Standard . 
(617) 861-9200 
Zeus Components 
(617) 863-8800 
Norwood 
Gerber Electronics 
(617) 769-6000 
Peabody 
Hamilton/Avnet 
(508) 531-7430 
Time Electronics. 
(508) 532-6200 
Wilmington 
Anthem Electronics 
(508) 657-5170 
Arrow Electronics 
(508) 658-0900 


MICHIGAN 
Ann Arbor 
Bell Industries 
(313) 971-9093 
Grand Rapids 
Arrow Electronics 
(616) 243-0912 
Hamilton/Avnet - 
(616) 243-8805 
Pioneer Standard 
(616) 698-1800 
Livonia 
Arrow Electronics 
(313) 665-4100 
Pioneer Standard 
(313) 525-1800 
Novi 
Hamilton/Avnet 
(313) 347-4720 
Southfield 
R. M. Electronics, Inc. 
(313) 262-1582 
Wyoming F 
R. M. Electronics, Inc. 
(616) 531-9300 


MINNESOTA 

Eden Prairie 
Anthem Electronics 
(612) 944-5454 
Pioneer Standard 
(612) 944-3355 

Edina 
Arrow Electronics 
(612) 830-1800 
Time Electronics 
(612) 835-1250 

Minnetonka 
Hamilton/Avnet 
(612) 932-0600 





NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (continued) 


MISSOURI 

Chesterfield 
Hamilton/Avnet 
(314) 537-1600 

St. Louis 
Arrow Electronics 
(314) 567-6888 
Pioneer Standard 
(314) 432-4350 
Time Electronics 
(314) 991-6444 


NEW HAMPSHIRE 
Hudson 
Bell Industries 
(603) 882-1133 
Manchester 
Arrow Electronics 
(603) 668-6968 
Hamilton/Avnet 
(603) 624-9400 


NEW JERSEY 
Cherry Hill 
Hamilton/Avnet 
(609) 424-0100 
Fairfield 
Anthem Electronics 
(201) 227-7960 
Hamilton/Avnet 
(201) 575-3390 
Marlton , 
Arrow Electronics 
(609) 596-8000 
Parsippany 
Arrow Electronics 
(201) 538-0900 
Pine Brook 
Pioneer Standard 
(201) 575-3510 
Time Electronics 
(201) 882-4611 


NEW MEXICO 
Albuquerque 


Alliance Electronics Inc. 


(505) 292-3360 
Arrow Electronics 
(505) 243-4566 
Bell Industries 
(505) 292-2700 
Hamilton/Avnet 
(505) 345-0001 


NEW YORK 

Binghamton 

Pioneer 

(607) 722-9300 
Buffalo 

Summit Electronics , 

(716) 887-2800 
Commack 

Anthem Electronics ~ 

(516) 864-6600 
Fairport 

Pioneer Standard 

(716) 381-7070 

Time Electronics 

(716) 383-8853 
Hauppauge 

Arrow Electronics 

(516) 231-1000 

Hamilton/Avnet 

(516) 434-7413 

Time Electronics 

(516) 273-0100 
Port Chester 

Zeus Components 

(914) 937-7400 ° 


Rochester 
Arrow Electronics 
(716) 427-0300 
Hamilton/Avnet 
(716) 475-9130 - 
Summit Electronics 
(716) 334-8110 
Ronkonkoma 
Zeus Components 
(516) 737-4500 
Syracuse 
Hamilton/Avnet 
(315) 437-2641 
Time Electronics 
(315) 432-0355 
Westbury 


Hamilton/Avnet Export Div. 


(516) 997-6868 
Woodbury 

Pioneer Electronics 

(516) 921-8700 


NORTH CAROLINA 
Charlotte 
Pioneer Technology 
(704) 527-8188 
Time Electronics 
(704) 522-7600 
Durham 
Pioneer Technology 
(919) 544-5400 
Raleigh 
Arrow Electronics 
(919) 876-3132 
Hamilton/Avnet 
(919) 878-0810 
Winston-Salem 
Arrow Electronics 
(919) 725-8711 


OHIO 
Centerville 
Arrow Electronics 
(513) 435-5563 
Bell Industries 
(513) 435-8660 
Bell Industries-Military 
(513) 434-8231 
Cleveland 
Pioneer 
(216) 587-3600 
Dayton 
Hamilton/Avnet 
(513) 439-6700 
Pioneer Standard 
(513) 236-9900 
Zeus Components 
(914) 937-7400 
Dublin 
Time Electronics 
(614) 761-1100 
Solon 
Arrow Electronics 
(216) 248-3990 
Hamilton/Avnet 
(216) 831-3500 
Westerville 
Hamilton/Avnet 
(614) 882-7004 


OKLAHOMA 
Tulsa 

Arrow Electronics 
(918) 252-7537 
Hamilton/Avnet 
(918) 252-7297 
Pioneer Standard 
(918) 492-0546 
Radio Inc. 

(918) 587-9123 


OREGON 

Beaverton 
Almac-Stroum Electronics 
(503) 629-8090 
Anthem Electronics 
(503) 643-1114. 
Arrow Electronics 
(503) 645-6456 
Hamilton/Avnet 
(503) 627-0201 

Lake Oswego 
Bell tndustries 
(503) 635-6500 

Portland 
Time Electronics 
(503) 684-3780 


PENNSYLVANIA 
Horsham 
Anthem Electronics 
(215) 443-5150 
Pioneer Technology 
(215) 674-4000 
King of Prussia 
Time Electronics 
(215) 337-0900 
Monroeville 
Arrow Electronics 
(412) 856-7000 
Pittsburgh 
Hamilton/Avnet 
(412) 281-4150 
Pioneer 
(412) 782-2300 


TEXAS 

Austin 
Arrow Electronics 
(512) 835-4180 
Hamilton/Avnet 
(512) 837-8911 
Pioneer Standard 
(512) 835-4000 
Time Electronics 
(512) 399-3051 

Carrollton 
Arrow Electronics 
(214) 380-6464 
Time Electronics 
(214) 241-7441 

Dallas 
Hamilton/Avnet 
(214) 404-9906 
Pioneer Standard 
(214) 386-7300 

Houston 
Arrow Electronics 
(713) 530-4700 
Pioneer Standard 
(713) 988-5555 

Richardson 
Anthem Electronics 
(214) 238-7100 
Zeus Components 
(214) 783-7010 

Stafford 
Hamilton/Avnet 
(713) 240-7733 


UTAH 

Midvale 
Bell tndustries 
(801) 255-9611 

Salt Lake City 
Anthem Electronics 
(801) 973-8555 
Arrow Electronics 
(801) 973-6913 
Hamitton/Avnet 
(801) 972-4300 

West Valley 
Time Electronics 
(801) 973-8181 


WASHINGTON 
Bellevue 
Almac-Stroum Electronics 
(206) 643-9992 
Bothell 
Anthem Electronics 
(206) 483-1700 
Kent 
Arrow Electronics 
(206) 575-4420 
Redmond 
Bell Industries 
(206) 885-9963 
Hamilton/Avnet 
(206) 881-6697 
Time Electronics 
(206) 882-1600 


WISCONSIN 
Brookfield 
Arrow Electronics 
(414) 792-0150 
Mequon 
Taylor Electric 
(414) 241-4321 
Waukesha 
Bell Industries 
(414) 547-8879 
Hamilton/Avnet 
(414) 784-4516 


CANADA 
WESTERN PROVINCES 
Burnaby 
Hamilton/Avnet 
(604) 437-6667 
Semad Electronics 
(604) 420-9889 
Calgary 
Hamilton/Avnet 
(403) 250-9380 
Semad Electronics 
(403) 252-5664 
Zentronics 
(403) 272-1021 
Edmonton 
Zentronics 
(403) 468-9306 
Richmond 
Zentronics 
(604) 273-5575 
Saskatoon 
Zentronics 
(306) 955-2207 
Winnipeg 
Zentronics 
(204) 694-1957 


EASTERN PROVINCES 
Mississauga 
Hamilton/Avnet 
(416) 677-7432 
Time Electronics 
(416) 672-5300 
Zentronics 
(416) 564-9600 
Nepean 
Hamilton/Avnet 
(613) 226-1700 
Zentronics 
(613) 226-8840 
Ottawa 
Semad Electronics 
(613) 727-8325 
Pointe Claire 
Semad Electronics 
(514) 694-0860 
St. Laurent 
Hamilton/Avnet 
(514) 335-1000 
Zentronics 
(514) 737-9700 
Willowdale 
ElectroSonic Inc. 
(416) 494-1666 











SALES OFFICES 


ALABAMA 
Huntsville 
(205) 721-9367 


ARIZONA 
Tempe 
(602) 966-4563 


CALIFORNIA 
El Segundo 
(213) 643-7099 
Rocklin 
(916) 632-2750 
San Diego 
(619) 587-0666 
Santa Clara 
(408) 562-5900 
Tustin 
(714) 259-8880 
Woodland Hills 
(818) 888-2602 


COLORADO 
Boulder 
(303) 440-3400 
Colorado Springs 
(719) 578-3319 
Englewood 
(303) 790-8090 


FLORIDA 
Boca Raton 
(407) 997-9891 
Orlando 
(407) 629-1720 
St. Petersburg 
(813) 577-5017 


GEORGIA 
Norcross 
(404) 441-2740 


ILLINOIS 
Schaumburg 
{708) 397-8777 


INDIANA 
Carmel 
(317) 843-7160 
Fort Wayne 
(219) 484-0722 


lOWA 
Cedar Rapids 
(319) 395-0090 


KANSAS 
Overland Park 
(913) 451-4402 


MARYLAND 
Hanover 
(301) 796-8900 


MASSACHUSETTS 
Burlington 
(617) 221-4500 


MICHIGAN 
Grand Rapids 
(616) 940-0588 
W. Bloomfield 
(313) 855-0166 


MINNESOTA 
Bloomington 
(612) 854-8200 


MISSOURI 
St. Louis 
(314) 569-9830 


NEW JERSEY 
Paramus 
(201) 599-0955 


NEW MEXICO 
Albuquerque 
(505) 884-5601 


NEW YORK 
Fairport 
(716) 223-7700 
Melville 
(516) 351-1000 
Wappinger Falls 
(914) 298-0680 


NORTH CAROLINA 
Raleigh 
(919) 832-0661 


OHIO 
Dayton 
(513) 435-6886 
Independence 
(216) 524-5577 


ONTARIO 
Mississauga 
(416) 678-2920 
Nepean 
(613) 596-0411 


OREGON 
Portland 
(503) 639-5442 


PENNSYLVANIA 
Horsham 
(215) 672-6767 


PUERTO RICO 
Rio Piedras 
(809) 758-9211 


QUEBEC 
Pointe Claire 
(514) 426-2992 


TEXAS 
Austin 
(512) 346-3990 
Houston 
(713) 771-3547 
Richardson 
(214) 234-3811 


UTAH 
Salt Lake City 
(801) 322-4747 


WASHINGTON 
Kirkland 
(206) 822-4004 


WISCONSIN 
Brookfield 
(414) 782-1818 
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National Semiconductor Corporation 


2900 Semiconductor Drive 
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Tel: (408) 721-5000 
TWX: (910) 339-9240 
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INTERNATIONAL 
OFFICES 


Electronica NSC de Mexico SA 
Juventino Rosas No. 118-2 

Col Guadalupe Inn 

Mexico, 01020 D.F. Mexico 

Tel: 52-5-524-9402 


National Semicondutores 

Do Brasil Ltda. 

Av. Brig. Faria Lima, 1383 

6.0 Andor-Conj. 62 

01451 Sao Paulo, SP, Brasil 

Tel: (55/11) 212-5066 

Fax: (55/11) 211-1181 NSBR BR 


National Semiconductor GmbH 
Industriestrasse 10 

D-8080 Furstenfeldbruck 

West Germany 

Tel: (0-81-41) 103-0 

Telex: 527-649 

Fax: (08141) 103554 


National Semiconductor (UK) Ltd. 
The Maple, Kembrey Park 
Swindon, Wiltshire SN2 6UT 
United Kingdom 

Tel: (07-93) 61-41-41 

Telex: 444-674 

Fax: (07-93) 69-75-22 

National Semiconductor Benelux 
Vorstlaan 100 ‘ 
B-1170 Brussels 

Belgium 

Tel: (02) 6-61-06-80 

Telex: 61007 

Fax: (02) 6-60-23-95 

National Semiconductor (UK) Ltd. 
Ringager 4A, 3 

DK-2605 Brondby 

Denmark 

Tel: (02) 43-32-11 

Telex: 15-179 

Fax: (02) 43-31-11 


©1990 National Semiconductor 


National Semiconductor S.A. 
Centre d'Affaires-La Boursidiere 
Batiment Champagne, B.P. 90 
Route Nationale 186 

F-92357 Le Plessis Robinson 
France 

Tek (1) 40-94-88-88 

Telex: 631065 

Fax: (1) 40-94-88-11 


National Semiconductor (UK) Ltd. 


Unit 2A . 

Clonskeagh Square 
_Clonskeagh Road 

Dublin, 14 } 

Tel: )) 69-55-89 

Telex: 91047 

Fax: (0}) 69-55-89 

National Semiconductor S.p.A. 

Strada 7, Palazzo R/3 

1-20089 Rozzano 

Milanofiori 

Italy} 

Tel: (62) 8242046/7/8/9 

Twx: 352647 

Fax: (02) 8254758 

National Semiconductor S.p.A. 

NTF Wel=1@r-1¢-1¢- (ee oMm herd 

00147 Rome 

Italy 

Tel: (06) 5-13-48-80 

Fax: (06) 5-13-79-47 


1 
National Semiconductor (UK) Ltd. 


Stasjonsvn 18 
Postboks 15 

N-1361 Billingstadsletta 
Norway 

Tel: 47-2-849362 

Fax: 47-2-848104 


National Semiconductor AB 
P.O. Box 1009 
Grosshandlarvaegen 7 

S-121 23 Johanneshov 
Sweden 

Tel: 46-8-7228050 

Fax: 46-8-7229095 

Telex: 10731 NSCS 


TL3029P 


‘Switzerland X Ltd. 

Alte Winterthurerstrasse 53 200 Cantonment Road 13-01 
Postfach 567 Southpoint 

Ch-8304 Wallisellen-Zurich ~ Singapore 0208 

Switzerland Tel: 2252226 


National Semiconductor 
(Australia) PTY, Ltd. 


National Semiconductor GmbH 
Calle Agustin de Foxa, 27 (9°D) 


28036 Madrid 1st Floor, 441 St. Kilda Rd. 

Spain Melbourne, 3004 

Tel: (01) 733-2958 Victoria, Australia F 
Telex: 46133 Tel: (03) 267-5000 f 


Fax: (01) 733-8018 
National Semiconductor 


Fax: 61-3-2677458 
National Semiconductor (PTE), 


Tel: (01) 830-2727 Telex: RS 33877 


Telex: 828-444 National Semiconductor (Far East) 
Fax: (01) 830-1900 Ltd. 

National Semiconductor 
Kauppakartanonkatu 7 A22 
SF-00930 Helsinki 

Finland 

Tel: (90) 33-80-33 

Telex: 126116 
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National Semiconductor 





Taiwan Branch - 
P.O. Box 68-332 Taipei 

7th Floor, Nan Shan Life Bidg. 

302 Min Chuan East Road, 

a F-1)<l-] A E-1107- Ue ROR OR 

Tel: (86) 02-501-7227 

Telex: 22837 NSTW 

Cable: NSTW TAIPEI 


Postbus 90 National Semiconductor (Far East) 
1380 AB Weesp Ltd. 

The Netherlands Korea Branch 

Tel: (0-29-40) 3-04-48 13th Floor, Dai Han Life Insurance 
Telex: 10-956 63 Building, 


Fax: (0-29-40) 3-04-30 60, Yoido-dong, Youngdeungpo-ku, 


National Semiconductor Japan Seoul, Koréa 150-763 

Ltd. Tel: (02) 784-8051/3, 785-0696/8 
Sanseido Bldg. 5F Telex: 24942 NSPKLO 

4-15 Nishi Shinjuku Fax: (02) 784-8054 

Shinjuku-ku . 


, Tokyo 160 Japan 


Tel: 3-299-7001 
Fax: 3-299-7000 


National Semiconductor 

Hong Kong Ltd. 

Suite 513, 5th Floor, 

Chinachem Golden Plaza, 

77 Mody Road, Tsimshatsui East, 

Kowloon, Hong Kong 

Tel: 3-7231290 

Telex: 52996 NSSEA HX { 
Fax: 3-3112536 
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